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Among other activities, during the past ten years, the mate- 
rials testing laboratory of the Bureau of Science has been con- 
ducting tests on concrete made for the Government in different 
parts of the Archipelago. Not only has this laboratory tested 
specimens of concrete that have been cast on the building site 
under typical field conditions, but it has sometimes made pre- 
liminary laboratory tests of the same aggregates so that a 
comparison of the strength of concrete made in the field with 
that of concrete mixed under carefully controlled laboratory 
. conditions is possible. However, it should be mentioned that 
the Government has lately erected numerous concrete structures 
throughout the Islands without making a previous laboratory 
examination of the aggregates, and even without casting test 
specimens during the process of construction, so that the results 
recorded in this paper, unfortunately, are fragmentary. Then 
again, some of the data obtained by this laboratory were so 
laeunose that their inclusion here is not warranted. For in- 
stance, the Bureau of Science materials testing laboratory has 
occasionally received concrete test pieces without marks of 
identification as to age, quality of the mixture, aggregates and 
cement used, or the structure represented. As it is, I have 
included tests of concrete made of aggregates whose precise 
origin is unknown. Sufficient data, however, are given in these 
instances to sanction publication. Nearly all of the' test spec- 
imens made in the field were sent to the Bureau of Science by 


1 Received for publication June 19, 1920. 
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the district engineers directly in charge of Bureau of Public 
Works building projects throughout the Philippines. A few of 
the field test specimens represent concrete that has entered into 
the construction of some of Manila's modern business edifices, 
such as the Manila Hotel, the Masonic Temple, and the Chaco 
Building. An interesting series of results was secured from 
test specimens cast in the field during the construction of the 
United States Army pier in Manila; These results are espe- 
cially noteworthy in that they show that the careful selection 
of aggregates, a close supervision of all mixing operations, in- 
cluding the proportioning of the cement, sand, water, gravel, 
and crushed stone, together with conscientious inspection of 
the process of putting the concrete in place, so as to compel 
sufficient spading and tamping of the mix, will under field con- 
ditions yield a concrete that is as strong as concrete made from 
the same materials in the laboratory. 

The number of tests recorded totals 1,677. In Table 1 is 
shown the number of concrete specimens, classified according 
to provinces that submitted aggregates or test pieces. This 
table will give some idea of the amount of constructional ac- 
tivity carried on by the Government, throughout the Philip- 
pines, during the past decade, 

Preliminary to the erection of concrete structures built under 
the supervision of the Bureau of Public Works, it has been cus- 
tomary to send to the Bureau of Science, for testing, samples 
of sand and gravel occurring as near as possible to the building 
site, and at the time thought by the engineer to be the best 
available material for the work contemplated. The samples 
of aggregates arrived at the materials testing laboratory 
packed in gunny sacks, cartons, wooden boxes, kerosene cans, 
and cement barrels, and ranged in quantity from barely suf- 
ficient to make six briquettes and one or two 6-inch cubes, to 
a barrelful (about 3.8 cubic feet) each of sand and gravel or 
crushed stone. In general it may be said that the samples were 
too small, and whether they were truly representative of the 
deposits or not is problematical. In several instances, tests 


“For these specimens I am indebted to Mr. George H. Bevin, C. E., 
general superintendent of construction, Quartermaster Department, United 
States Army, who turned over to the Bureau of Science one hundred 
seventy-two 6-inch concrete cubes that were taken from batches used in 
making the piles, braces, and floor of the Quartermaster’s pier. Fourteen 
cubes were tested and the cubes remaining are being preserved for long- 
time tests, a portion under the eaves of the laboratory roof, and the other 
portion in a steel cage submerged in the salt water beneath the pier. 
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of aggregates had to be postponed because the material sent 
was insufficient, thus, entailing a delay of several weeks; some- 
times the samples never came, and construction proceeded with- 
out a preliminary test of the aggregates. Such conditions are 
regrettable. The purpose of conducting tests on concrete ag- 
gregates is to eliminate, at the minimum of expense, unsuitable 
materials. Unfortunately it has not always been possible to 
carry out the recommendations of this laboratory; and there are 
instances on record where fine aggregates, entirely unfitted for 
concrete construction, have been used, often with disastrous 
results. 


TABLE 1—Number of concrete specimens, classified according to provinces 
submitting aggregates or test pieces. 


Province, Specimens tested, 


Leyte ` 256 
Manila and vicinity X 242 
Bulacan 229 
Iloilo 156 
Cebu 88 
Samar T8 
Cavite : 78 
Occidental Negros 68 
Laguna 52 
Albay 49 
Capiz 47 
Pangasinan 82 
Bohol 27 
Tarlac 26 
Cotabato 22 
Marinduque 20 
Ilocos Norte 18 
Ilocos Sur 18 
Antique 18 
Rizal : 16 
Sorsogon 16 
Isabela 16 
Oriental Negros 14 
Batangas 13 
Tayabas 13 
Surigao 12 
Zambales 12 
Bataan 11 
Misamis 10 
Nueva Ecija 8 
Zamboanga 8 
Pampanga 4 
Palawan 3 
Jolo 2 


Total 
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Upon arrival at the laboratory, the samples of sand and 
gravel were first thinly spread on a concrete platform and then 
rapidly dried by exposure to the heat of the sun, which at sea 
level in a tropical country is great. When dry, the aggregates 
were ready for testing. Complete sand tests in this laboratory 
comprise the determination of percentage of voids, apparent 
specific gravity, granulometric analysis, comparison of tensile 
and compressive strengths of 1:3 mortar with those of 1:3 
Ottawa sand mortar, and approximate mineralogical composi- 
tion; but sometimes not all of these tests were performed. 
Examinations were conducted in conformity with requests made 
by the Bureau of Public Works and, as Table 2 shows, are not 
complete. Ten years” testing of sands for concrete work has 
shown that very little practical value has been derived in the 
Philippines from knowledge of percentage of voids, apparent 
specific gravity, and mineralogical composition data, and that 
for ordinary routine examinations these tests might very well 
be omitted, since they tell us nothing regarding the compressive 
strength of the mortar or mortars yielded by the sand. The 
compressive strength of mortar is, after all, of paramount im- 
portance to the designing engineer, with the exception of granu- 
lometric analysis, all other tests play a very inconspicuous rôle 
in determining the suitability of a sand as a concrete aggregate. 
The size of the grain and the gradation of grain sizes, more than 
any other factors determine the compressive strength obtainable 
from a sand when mixed with Portland cement: so that the 
granulometric analysis of a sand, in nearly all instances, forms 
a valuable, practical criterion of the compressive strength. 

What has just been said with respect to sand may also be 
applied to gravel and crushed stone, which constitute the coarsest 
components of concrete. Specific gravity, percentage of voids, 
granulometric analysis, and mineralogical composition data are 
of secondary importance. Table 3 gives the granulometric 
analyses.of some Philippine gravels. 

The most important test of gravel in ordinary routine inves- 
tigation consists in actually making a series of concrete mix- 
tures with this coarse aggregate and then ascertaining the 
compressive strength of the resultant test specimens. The pro- 
portions usually designated by the Bureau of Public Works are 
the standard 1:2:4, 1:2.5:5, and 1:3:6 mixtures: occa- 
sionally requests for other mixtures are received. 
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LABORATORY TESTS OF AGGREGATES USED IN CONCRETE l 


Percentage of voids—A graduated cylinder about 7 centi- 
meters in diameter with a capacity of 500 cubic centimeters was 
used in determining the voids in the sand. A small quantity 
of the dried sand was placed in the cylinder and compacted by. 
striking the cylinder lightly on a cloth pad. About twenty blows 
. Were given and successive additions of sand compacted until the 
cylinder was filled to the 500 cubic centimeter mark. It is im- 
portant to compact all sands to the same mark in order to secure 
reliable results. The difference between the weight of the 
cylinder containing the sand and that of the empty cylinder gave 
the weight of the 500 cubic centimeters of dry compacted sand. 
Knowing the specific gravity of the sand, the actual volume 
occupied by the sand grains may be easily caleulated by sub- 
stituting the proper values in the formula: 


Mass 


Volume— : 
Specifie gravity 

If the true volume of the sand particles be now subtracted 
from the apparent volume as measured in the graduated cylin- 
der, the difference will represent the void space in 500 cubic 
centimeters of sand. The void space divided by 500 and mul- 
tiplied by 100 will give the percentage of voids. 

The method used for determining the percentage of voids 
in the coarse aggregate (gravel) is analogous to that employed 
in connection with the sands and screenings. On account of 
the larger size of the grain a more spacious and less fragile 
container was used for weighing a compacted volume of the ag- 
gregate. A wooden box with inside lineal dimensions of 15 
centimeters was filled with gravel, which was compacted by 
subjecting it to gentle percussion. The difference between 
the filled box and the empty box gave the mass of the compacted 
aggregate contained within a space of 3,375 cubic centimeters. 
Knowing the fnass and the specific gravity of the gravel, it is 
an easy matter to calculate the true volume of the constituent 
pebbles by means of the formula already mentioned. The true 
volume of the gravel subtracted from the apparent volume 
(3,375 cubic centimeters) gives the void space, and this in turn 
divided by the apparent volume and multiplied by 100 gives the 
percentage of void space. 


BY v T FO pe - —— 


| Tracing No. 


A GO ko m 


TABLE 2.—Physical tests of Philippine sands, 


Percentage by weight of sand passing through 


Mariveles Beach, No. 1 
Mariveles Beach, No. 2 


sieve No.— 
om E 
Province or origin of sand. 5 
w 
: 10.| 20.| 20.| 40| 60.) 80.} 1.| 200.| g 
$ 
à 
ALBAY. 
88 67 4l 82 19 6 
85 55 28 17 10 1 
Guinobatan River. 9] 70| 33| 26! 2| 2 
Unknown ........ T9| 53| 36] 28 16 b 
BOHOL. | 
Beach at Duero. -| 99 89 40 Mj 5 1 
Beach sand ... 100| loo) 99, 94: 85| 35 
99 | 91 79 44 18 2 
Pulilan River 61 32; 21 17} 9 2 
Bocaue River... 49 14 T 6 3| 0.9 
Bj 89! ej 46! j 6 
99 92 67 47 16 2 
Maasim .. 98 85 55 44 25 6 
San Miguel 99 22 36 20 7 3 
Santa Maria River. 85 60 37 23 12 3 
BATAAN. H 
Mariveles Beach, No, 0 


Tensile strength in pounds per 
square inch of 1:3 mortar 


briquettes, 
Sand submitted 
Ottawa sand, for test. 
28 1 28 
days. | days. 


| 7 
days. | days. 


194 
242 


0TI 
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156 


" 


19 


21 


CAPIZ. 
Junction of Lauan and Capiz Rivera 97 
Jaro River, Jaro, Iloilo 91 
Panay River, Dao. 71 
Bar at junction of Lauan and Capiz River 98 
CAVITE. 
Rio Grande 62 
Imus River TL 
Rio Grande. 65 
CEBU. 
Mananga River 73 


Danao River .. 


Unknown 
Stream bed, kilometer 115.8 on Barili-South Road 94 
COTABATO. 
Linuac Beach, Cotabato . 98 
Doc g anas aa 95 
ILOCOS NORTE. 
Láóag AA AP NAA 96 
ILOCOS SUR. 
100 
“ILOILO, 
Unknown .._.- 96 
Unknown, No. 2. 100 
Unknown, No. 3. 88 
97 
Jolo PA aaa a GS A 100 
LAGUNA, 
Barrio of Bayog, Los Baños. 99 
Barrio of Mayondon, Los Baño: 99 
Pagsanjan... LA 74 


27 


1 


10 
15 


2 


Ooh 0» 


1 


1| 0.5} 2.41 

0.0) 0.0} 2.37 
1| 0.5 | 2.338 
8 


2|. 

2 zz 2.64 
3| 052.71 
B. PTEE PEA 
6 |......, 2.72 


Ol... 2.62 | 


“United States Army crushed quartz sand used in making briquettes, 
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TABLE 2. Physical tests of Philippine sands--Continued. 


é Province or origin of sand. 

a 

bo 

5 

E] 

el- 

Lai . 

E 

LEYTE. 

41 | Tigbao River_...--------.-.---- Birnen APP AP PE tered} 
42 | Tabontabon...... a 
43 

44 | Beach ..... 

45 | Pasig River 

46 | Cagayan River........-.-.-_.-------------++---------------------- 
4T Do. 

48 Do. ma a 

49 | Mouth of Cagayan River 

50 | Beach at mouth of Cagayan River. 

OCCIDENTAL NEGROS. i 
51 | Binalbagan River__.__.-----.------------- +--+ +------------------- 
ORIENTAL NEGROS, 
62 | Bais River .... 0000 -000 a 
PALAWAN. 
53 | Beach at Coron... RA anaana 
. 
PAMPANGA, 
54 | Back of Camp Stotsenberg -._--------------------++--------+----- 


Percentage by weight of sand passing through 


Tensile strength in pounds per 
squdre inch of 1:3 mortar 
briquettes. 


Ottawa sand. 


Sand submitted 


for test. 
7 28 q 28 
days. | days. | days. | days. 


sieve No.— 
g 
5 
Ll 
H 
to 
10. f 20. | 30. | 40. | 50. | 80. | 100. | 200. | £ R 
o 
al > 
79} 33| 10| 5 
87| "4| 63| 57 
66} 27| 10 6 
98! 96| 95] 88 
95| 76| 83| 24 
98| 87| 49| 35] 20 5 
99| 91| 65| s| M 5 
4| 10 6 4 3 1 
98| 78| 40| 23 9 2 
98| 77| 50| 35| 20 5 
sj 82| 46] 26; r| 2| it... 2.651 40 
81| 63) 26| 19| 12 2 Yo 2.61| 40 
87| 66| 48| 35] 23 5 8 1|2.56| 40 
88| 68! 46! s4' 25! 12 LEE S | mre 


265 


2169 


278 


402 


835 


e219 


190 | 253 
197| 812 
216| 309 
131! 164 
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921,910. 


1381 


55 
56 


PANGASINAN. i 


Not given.. 81| 56| 35) 23| 15| 6| al z 


45 28 23 18 15 9 5 2 


Beach_-... 100 95 73 
Do... 100 | too] 99 
92| 42 1 


Surigao River. 
Wharf site 


Santiago River... LL Ll 59 26 16 8 5 2 dila 


TAYABAS. . i 
Pit 1, Sariaya-Muntig River ___ Li 46! 28 17 11 4 3 2 


Sitio of Galagala, 3.5 kilometers from bridge site. : 2 
Mouth of Lucan River, 400 meters from bridge site. 3 
Lauis River, 1 kilometer from bridge eite...... -| 88 65 25 16 7 pi 
Mouth of Yamot River, 2 kilometere from bridge site -| 99 96 49 23 6 2 
Beach south of Kiling ze | 99 94; 60 31 8 2 
83 45 15 10 5 2 

86 60 a 80 16 5 Id. 


237 


367 


231 
231 
309 


259 
314 


267 


280 


288 
288 
263 
263 
299 
322 


819 


319 


351 


355 
355 
340 


368 
386 


854 


875 


386 
386 
309 
309 
380 
366 


840 


408 


835 


140 
40 
328 


150 
217 


290 


303 


288 | 


181 
255 
357 


290 
215 


465 


490 


882 


417 


403 
287 
380 
430 
436 
274 


273 
270 


334 
384 


243 
209 


* United States Army crushed quartz sand used in making briquettes. 
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TABLE 2.—Physical tests of Philippine sands- Continued. 


pra 
Compressive strength in 
pounds per square inch of 1:3 
mortar cylinders. 
$ Province or drigin of sand. Ottawa sand. Band submitted Date of test. Remarks. 
2 
Fl 7 28 7 28 
Á days. | days. | days. | days. 
—L— NN ——————M Él 
ALBAY. 
1 j Unknown... a ae NEE 1,864| 2,610| 1,460; 2,010 | Jan. 7,1915 ...| Basaltic and andesitic sand proposed for use on bridges and culverts 
on Guinobatan-Jovellar Road. 
2 | Quinale River _.__ 2,472 | 1,375 | 2,600| Jan. 25,1915 __ 
8 | Guinobatan River 2,490 | 1,267} 2,400 | Feb., 1915. Intended for use on Bridge No. 8.1, Guinobatan-Jovellar Road. 
4| Unknown... 2... 2,737 | 1,550 | 2,537 | July, 1915. Intended for use on Quinale Bridge. - 
BOHOL. 
6; Beach at Duero........ 2,012 | 8,046 | 1,148/ 1,919 | Feb. 1918...... Very clean sand, composed of smooth, rounded, granitic grains, 90 per 
cent; quartz, b per cent; and shell fragments, hornblende, and mica, 
5 per cent. 
6 1,092 | 2,109 408 580 | Oct., 1917..... Very fine, clean beach sand, containing about 90 per cent of rounded 
quartz grains. 
7 1,092 | 2,109 651 | 1,204 |.....do ........ Fine beach sand, composed of 90 per cent of rounded shell and coral 
fragments, 
BULACAN. 
8 | Pulilan River. Sand contains quartz and a high percentage ef basalt. 
9 | Bocaue River Coarse river sand, containing quartz, basalt, and some magnetite. 
10 | Santo Niño River Fine sand, derived from igneous rocks, and contains quartz, basait, 
magnetite, and shell fragments. 
11| Not known Jan. 17,1912 ..| Used in Santo Niño Bridge and in making concrete cubes at Bureau of 
Science. 
12 Dec. 29, 1912 ..| Composed of quartz, fragments of andesite, ilmenite, hematite, and 


magnetite, 


H 
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13 
14 


15 


16 


17 


18 | Junction of Lauan and Capiz Rivers. 


1 


San Miguel 
Santa Maria River 


BATAAN, 
Mariveles Beach, No, 0. 


Mariveles Beach, No, 1 


Mariveles Beach, No. 2. 


CAPIZ, 


19 | Jaro River, Jaro, Iloilo 


20 | Panay River, Dao 


21 


24 


Rivers, 


CAVITE. 
Rio Grande 
Imus River 


Rio Grande 


CEBU, 
Mananga River. 
Danao River...... 
Unknown. 


Stream bed, kilometer 115.8 on Bari- 


li-South Road. 


Bar at junction of Lauan and Capiz 


Apr. 23, 1913 __ 
Nov. 22, 1917... 
i 
Nov. 27, 1909 __ 
| Jan., 1916... 
sanaggca|dasid do css 
! 
1,375 | aisa do ........ 
2,591 |..... do ........| 
2,128 |... do iiia. 
Peewee ' Dec., 1915...., 
i 
2,804 | Dec. 20, 1916 .. 
1,998 |..... do... 


Used in Bolo River Bridge. ; 
Medium coarse sand, derived from vesicular basalt and used in con- 
structing Santa Maria Bridge. 


In connection with proposed barrack building at Mariveles Quarantine 
Station, but rejected on account of extreme fineness; mortar tests 
very low. 

Clean calcareous sand, composed of about 72 per cent shell debris, said 
to have good granulometric composition. Proposed for barrack 
building &t Mariveles Quarantine Station. 

Composed of about 70 per cent shell débris. 


Fine sand, containing quartz, magnetite, olivine, basalt, and shell frag- 
ments, Softgrains of weathered rock present; Proposed for con- 
structing Libas Bridge. 

Proposed for use on Balucuan and Libas Bridges, in Dao and Capiz, 
respectively. 

Fairly coarse, graded sand for use in Balucuan Bridge. 

Contains quartz, hornblende tuff, basalt, and shell fragments; used in 
constructing Ivisan School, Ivisan. 


Coarse sand, composed of soft fragments of volcanic rock; no quartz 
grains present. 

Conrse sand, containing no quartz grains, appreciable quantities of 
light, porous, scorialike pebblea present. 

Composed mostly of ferro-magnesian minerals; very little quartz 
present, 


Composed of hornblende, olivine, and small quantities of quartz, sand 
proposed for Cebu Quarantine Station. 
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TABLE 2.—Physical tests of Philippine .sands— Continued. ` 


Compressive strength in 
pounds per square inch of 1:3 
mortar cylinders. 
5 Province or origin of sand Sand submitted) Date of test. Remarks. 
E . 3 
z Ottawa sand, for test. 
to EHE 
B 
E T 28 7 28 
É days. | days. | days. | days. 
COTABATO. 
Linuae Beach, Cotabato............. 3,201 | 4,637 | 2,559 | 4,827 | Nov.26,1915 ..| Used in constructing Cotabato Hospital; consists principally of quartz, 
» with ferro-magnesian minerals and shell fragments. 
i S PTEE PERE E lc dabüivers 1,091] 1.393 | 1056 | 1,519 | May, 1917..... Contains about 50 per cent quartz; used in constructing Cotabato 
River wall drain pipe, Cotabato Hospital. 
ILOCOS NORTE. 
Laong ooo seni aaa baa BN Ahas HERET So oso osea a na ab Composed principally of quartz, with fragments of magnetite and an- 
desite, used for replacing the destroyed spillway of Gilbert Bridge. 
ILOCOS SUR. 4 
Unknown... Aa a a Naga cdl cowed .-------| Mar. 17, 1915..| Quartz sand used in the construction of Singson Waterworks. 
ILOILO. 

Unknown aasa Proposed for constructing Molo Bridge, but rejected. 

Unknown, No. 2.. d Do. 

Unknown, No. 3.. --.] Jan. 16,1911...| Used in constructing Molo Bridge. 


June 18, 1911..| Grains hard and clean. 


TA 938 | April 8, 1914..| Derived from coral and shells. 


LAGUNA. 
Barrio of Bayog, Los Bados.......... 
Barrio of Mayondon, Los Bafios 
Pagsanjan 


Clean, coarse, angular basalt sand, containing practically no quartz; 
used in constructing the Pagsanjan Waterworks, 


9TT 
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1661 


LEYTE. | 
41 | Tigbao River .... mamamana) 8,004 f LL 3,916 
42 Tabontabon ...... 8,316 | 3,612 | 2,861] 8,694 
5 MANILA. 
43 | Mariquina River... etd 196 , 1,360 | 1,130 | 1,565 
44 | Beach M M a... 
: i 
45 | Pasig River. a na dere E 
MISAMIS. : 
46 | Cagayan River... 1... Rron 
47) Do. matey Bauang 
48 Do. 1,508: 
I i 
49 | Mouth of Cagayan River n.. 2.2... 
50 | Beach at mouth of Cagayan River ..: 
OCCIDENTAL NEGROS. " 
51 | Binalbagan River -20.a 1. 1, 800' 1,698] 1,077| 1,627 
ORIENTAL NEGROS, | | ! 
52 | Bais River _ 19700 2,425| 719! 2,199 
| 
PALAWAN. : i 
63 | Beach at Coron .- 1.613: 2,618 854. 1,149 
PAMPANGA. i 


54 | Back of Camp Stotsenberg i 


Proposed for constructing Tacloban Port Works. 
Used in constructing Tabontabon School, 


; Aug. 10, 1915 _ 
| July, 1917... 


Used in constructing Masonic Temple, Manila. 
Used by cadastral survey, Bureau of Lands, for making monuments, 
but discontinued on account of unsatisfactory results. 


Proposed for constructing Cagayan Wharf, 
Do. 

Clean, very coarse sand, composed principally of hard, rounded, basal- 
tic pebbles; very little quartz present; proposed for Cagayan Cen- 
tral School, 

Containa appreciable quantities of magnetite and olivine, and very 
little quartz; proposed for Macabalan Wharf. 

Rock pebble sand, containing emall quantities of quartz; proposed for 
constructing Cagayan Wharf. 


Sept., 1916... 


April, 1916... 


Mar. 6, 1918... 


Oct.,1916......| Proposed for constructing Binalbagan Bridge, Isabela. 


Contains considerable coralline limestone grains, proposed for Bais 
River Bridge. 


Mar., 1916 .... 


Mar., 1917 ....| Angular, iron-stained quartz sand, proposed for construction of Coron 


Wharf. 


Z ‘SE 


mud ‘bury 


addi 


$23000460y sp pun 93940u07) Ba 


LIT 


Tracing No. 


TABLE 2.—Physical tests of Philippine sands-—Continued. 


pounds per square inch of 1:3 


Compressive strength in ] 
mortar cylinders. 


lsand submitted! Date of test. Remarks. 
for test. 


Province or origin of sand. Ottawa sand, 


7 28 7 28 
days. | days. | days. | daya. 


PANGASINAN. 
Notglven sa anga iA 1,624 | 2,463 | 1,896 | 2,042 | July, 1917... Diorite pebble sand containing less than 1 per cent quartz; shell frag- 
ments and magnetite grains present; proposed for constructing Lin- 
x gayen Provincial Building. 


Limestone screenings crushed and | 1,624 | 2,463] 2,186 | 2,918 ----| Pangasinan limestone, crushed and graded (100 per cent through 0. 25- 
graded at the Bureau of Science. inch mesh opening) at Bureau of Science to yield a mortar of high 
strength. Proposed for Provincial Building, Lingayen. 


RIZAL, 
Mariquina River ... 2,654 | 1,662| 2,164 | Feb., 1916..... Used in constructing Angono Bridge, Binangonan, Rizal, 
1, 983 829 935 |...... 19H...... Fine beach sand, containing much shell débris, . j 
1, 983 241 829 |-----' CC NOOR Very fine beach sand, contai. ning much calcareous matter, 


2,980 | 1,833! 2,948 | Nov. 24, 1914..| In connection with construction of Ilo, Sorsogon, and Bachow Bridges. 


SURIGAO. 
Surigao River .......... RETENIR 1116] 1,956 598 894 | Nov., 1915....| Quartz sand with a small percentage of limestone. Proposed for con- 
structing Bilang-bilang Wharf, Surigao. 
‘Wharf ite: reor oh coed 1,143 | 2,078 876 | 1,534 | Oct.. 1915 _____ Quartz sand with admixture of basalt and andesite grains. Proposed | 
for constructing Bilang-bilang Wharf. 
. » - ki 


SIT 
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TARLAC. " 
Santiago River... i 783: 1,878 | 2,485 | 2,995 | Nov.. 1916 ---.j Contains less than 5 per cent of quartz; composed principally of clear, 
i ' | glassy grains of plagioclase feldspar. Proposed for use in construct- 
ing bridge 5.5, Capas-Concepcion Rond. 
TAYABAS. i 
Pit 1, Sariaya-Muntig River... } 2,005 | 2,323 | 2,196 | 3,685 | Nov.. 1917... Angular pebble sand containing no quartz and derived principally from 
basalt. Proposed for constructing bridge No. 23.6, Lucena-Tiaong 
Road over Quiapo River. 
t ZAMBALES. 
Anunang River... LL 2,303 | 2.812 | 1,964 | 2.069 | Mar. 20,1916 ..| Proposed for constructing Anunang River Bridge, Cabangan, Zambales, 
Mouth of Anunang River... ...... 2,303 | 2,312] 1.689] 2,851 
Sitio of Galagala, 3. 5 kilometers from | 1,176 | 1,679 923 | 1,234 | Sept., 1916....| Very clean, hard-grained sand, proposed for constructing Candelaria 
bridge site, | School, Candelaria, Zambales. 
Mouth of Lucan River, 400 metere | 1,176| 1,679 | 1,279 | 2.115 | RT do... Very clean sand, proposed for constructing Lucapon Bridge, Alhambra, 
from bridge site. ‘ Zambales. 
Lauis River, 1 kilometer from bridge | 1,593 | 2,679 | 1,700| 3,127 | July, 1916..... Proposed for Yamot Bridge. 
site. : 
Mouth of Yamot River, 2 kilometers | 1,593 | 2,079 | 1,325 | 1,959 |... do... Do. 
from bridge site, 
Beach south of Kiling. Composed of quartz grains, proposed for bridges, Iba-Subic Road. 
Kauayan-Kiling River. Proposed for bridges, Iba-Subic Road. 
ZAMBOANGA. r 
Beach ............ EON MONG MALA 912 | 1,450 738 | 1,298 | Feb., 1918..... Very clean sand, containing about 20 per cent coral and shell fragments; 
4 per cent milky quartz; and 76 per cent rock pebbles; proposed for 
Zamboanga Normal School. 
River a eoa 912 | 1,450 817 661 |. .-..do ........ Fairly clean sand containing less than 5 per cent quartz, and principally 
composed of volcanic and metamorphic rock pebbles, about 10 per 
cent 6f which are in an advanced state of decomposition. 
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TABLE 3.—Granulometric analyses of Philippine gravels. 


Provinceor origin of gravel. 


through circular opening having 
adiameter of— 


Percentage by weight of gravel passing 


| pO 


Date of test. Remarks, 


2.25 1.50 i. 0.67 0.45 0.30 
inches.| inches,! ! inch. ineh. | inch. | inch. 
f 
ALBAY. 
Unknown. 66 ; 46 23 6 1 
BATAAN. i 
Mariveles beach, No. 2... T NO | uses. 7 30 10 
Mariveles beach, No.3... | [ 100 ; 98 | 93 79 
` i 
Mariveles beach,No.4__--....--.--,] 80 88 82 | 6 
Sisiman crushed andesite from Ma- 83 18 | B EER Paseo 
riveles, No. 5. | 
J 
BULAGAN. 
Pulilan River... 100 83 41 18 0.2 0.0 
Bocaue River... 100 | 77 50 31 26 
Quifigua River -| 10], 7 51 22 
Bocaue River... | 100 , 97 80 42 
San Miguel. 100 96 89 67 
100 86 | 67 36 | 
100 ; 71 57 87 i 
Santa Maria River . 83 | 53 27 5 | 1 
| 


Jan. 1,1915....| Vesicular andesite, proposed for bridges and culverts on 
Guinobatan-Jovellar Road. 

Specific gravity, 2. 56; voids, 46 per cent; gravel soft and 
highly weathered, 

Contains 33 per cent sand, epecifie gravity, 2.47, voids, 46 
per cent, 

Three per cent retained on 3-inch circular opening; only 
the portion passing 1. 5-inch circular opening used in con- 
crete, 

Ninety-eight per cent passed through 3-inch circular open- 
ing; only the portion passing 1.5-inch circular opening 
used for concrete: specific gravity 2.62, rock hard and 
tough. 


Oct., 1915. 
.;do: 


Altered basalt impregnated with pyrites. 
Altered basalt. 
One per cent through 0. 20-inch circular opening. 
Do. 
Contains 8 per cent sand; proposed for Bolo River Bridge. 
Proposed for Bolo River Bridge, 
Contains 11 per cent sand; proposed for Bolo River Bridge. 


----| Soft, highly weathered gravel, derived from volcanic rock; 
used in Santa Maria Bridge. 
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CAYITE. 
Imus River... 100 90 | 78 i 64 |: eR econ AE Sand content approximately 27 per cent; gravel contains 
H | basalt, andesite tuff, and shell fragments: specific gravity, 
2,35; voids, 37.3 per cent; for usein constructing Aguinaldo 
School, Kawit. 
Rio Gratide:.. eec ccce ccce ric cde 79 64 51 40 24 Heel Contains about 10 per cent of sand; clean, hard gravel; spe- 
| cifie gravity, 2. 44; voids, 35.4 per cent. 
Imus River...... 2. llli c E, 100 73 + W: 63 | 51 Composed largely of vesicular basalt; specific gravity, 2.10; 
voids, 45. 9 per cent; contains about 30 per cent sand. 
75 | 68 51: 45 30 gh LL Contains about 10 per cent sand; specific gravity, 2.60; voids, 
39 per cent; soft gravel. 
Daten ean e t ated EREA | 1% 87i 70 46 C7 a] BEAR AAP Contains volcanic ejecta, basalt, and scoria; contains about 
. CEBU. i | j 25 per cent sand; specific gravity, 2. 40; voida 25.4 per cent, 
Mananga River 100 86 55 15 Specific gravity, 2.63. 
Unknown 100 $6 i 22 i Composed of andesite pebbles, specific gravity, 2.64; voids, 
j j 42 per cent. Proposed for Cebu Quarantine Station. 
93 82 65 1 18 gii... Andesite pebbles; used in the reconstruction of the de- 
stroyed spillway of Gilbert Bridge. 
Unknown... 2-22-22 E TEA 100 80 | 69 45 101 2 | Mar. 17, 1915 ..| Used in constructing Singson Waterworks, Vigan. 
JOLO. H : 
Jolo beach. saanman lakan 100 96 85 50 20 | Apr. 8.1914...! Composed of coral fragments, and contains 17 per cent sand, 
` specific gravity, 2.39; voids, 56.3 per cent. 
LAGUNA, h 
Crushed rock from upper ledge of i... ! i00 28 6 3 2 |---.------------ Hard, durable basalt, 
quarry at Los Baños, | | | 
MANILA. | i 
Mariquina River. 100 86 68 56 30 8 | Aug. 10, 1915.. 
MISAMIS. 3 
Beach a2 nn SAT as Nang burn |e 100 88 E] 0| Mar., 1916 ....| Proposed for Cagayan Wharf. 
Cagayan River... hul 100 98 89 63 40 ju. do... Proposed for Cagayan Wharf: contains about 25 per cent 
i ` sand. 
D625 ana aaa SONA | 100 83 84 20 0 ! Bagana Sept., 1916....| Proposed for Cagayan Central School. 
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TABLE 3.—Granulometric analyses of Philippine gravels--Continued. 


Province or origin of gravel. 


a diameter of— 


Percentage by weight of gravel passing 
through circular opening having 


Date of test, 


1.50 


Remarks. 


Proposed for Candelaria School. 


inches, incheg,| 1 inch. oe ae. inch. | 
ORIENTAL NEGROS. | 
Bais River.. 100 59 48 2T 8 2 | Mar.,1916..... Soft gravel, proposed for constructing Bais River Bridge. 
PAMPANGA. 
Crushed run surface rock from |... 100 38 23 u Th... -| Soft, hornblende andesite, 
Camp Stotsenberg. ^ 
Crushed float rock from Banaban 100 21 1 AA EORR NA Hard basalt, having pronounced cleavage planes. 
River. 
PANGASINAN. p 
Unknown p E i 100 91 87 69 29 LA pa Proposed for Provincial Building, Lingayen, composed prin- 
^ cipally of diorite, 
RIZAL. i 
Arigono River......... Er RH 88 88 56 45 29 Contains about 5 per cent sand; proposed for constructing 
` 1 Angono Bridge, Binangonan, Rizal. 
| ZAMBALES. 
Beach gravel from Galagala, 3.5 : 100 94 PL. MAAN AA ee ee Sept., 1916....| Hard, clean gravel, containing appreciable quantities of 
kilometers from bridge site, quartz pebbles. 
| Lauis River, 4 kilometera from 81 64 1 0:8: c sco į June, 1916... 
| bridge site. 
100 49 3 LS | DEREN ERN Jan., 1916... 


Cabangan River.. 


Coarse, clean, hard gravel; proposed for Yamot Bridge. 
I 
i 
! 


Composed of hard, volcanic, metamorphic rock; proposed for 


ll 


bridges on Iba-Subic Road. 
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Specific gravity.—Sixty-four grams of the dried sand were 
introduced into a Le Chatelier flask filled to the zero mark with 
95 per cent alcohol. The rise of the meniscus on the graduated 
neck represents the volume displaced by the grains of sand. 
Dividing the mass of the sample used by the displacement in 
cubie centimeters indicated on the neck of the flask quickly and 
accurately gives the specific gravity of the sand. 

For determining the specific gravity of the coarse aggregate 
about 1,000 grams of the dried gravel were accurately weighed, 
and then allowed to rest under water for twenty-four hours 
in order to fill the pores. After the aggregate was saturated 
with water, it was quiekly dried with a cloth, then with a blot- 
ter, and the displacement of the gravel noted in a large graduated 
cylinder containing a measured quantity of water. The specific 
gravity was calculated from the well-known formula: 


Mass 


Specific gravity-- 
Volume 

Granulometric analysis. In determining the granulometric 
analysis of sand, 200 grams of a representative sample were suc- 
cessively shaken on a series of sieves ranging from 10 to 200 
meshes to the linear inch and the residue on each sieve was 
weighed. The sieves are 8 inches in diameter and fitted with 
double-crimped, brass, wire cloth having square mesh openings. 
In Table 4 are recorded the actual mesh and wire sizes, obtained 
by examining the sieves under a microscope fitted with an ocular 
micrometer. The granulometric results obtained during the 
period 1908 to 1914 were secured by hand sieving; results after 
1914 were gotten by using an electrically driven sieving ap- 
paratus commercially known as The Per Se Testing Sieve Agita- 
tor manufactured by Howard and Morse, of Brooklyn, New York. 


TABLE 4.—Mesh, space, and wire sizes of sieves used in performing granu- 
lometric analyses of Philippine sands. 


m 
Width ot clear D i 
" in om i 
Meshes per linear inch. presi S iameter 9 


another. 


mm. in. mm. 
1.87 | 0.0266 | 0.675 
0.820 | 0.0177 | 0,450 
0.517 | 0,0130 | 0,830 
0.365 | 0,0106 | 0.270 
0.283 | 0.0089 | 0.225 
0.168 | 0.0059 | 0.150 
0.134 | 0.0047 | 0.120 
0.067 | 0.0024 | 0.060 
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For the granulometric test of gravel and crushed stone, a set 
of sieves was used having circular openings ranging in diameter 
from 2.25 inches down to 0.30 inch, namely 2.25, 1.50, 1.00, 0.67, 
0.45, and 0.30. Instead of wire cloth, these sieves consisted of 
sheet iron punched with round holes, which was soldered to a cir- 
cular frame 12 inches in diameter and 3 inches deep. 

A 2,000-gram sample of the dry gravel was placed on the 
sieve with the largest opening and shaken by hand until no more 
of the material passed through. The material coming through 
this screen was placed on the sieve next smaller in hole. opening 
and the sieving performed as before, and the process continued 
with the other sieves in the series. The portions of aggregate 
remaining on each of the screens were weighed and recorded. 

Tensile and compressive strength tests.- The sands and screen- 
ings were tested for tensile strength in the proportions by weight 
of one part cement to three parts sand. Three-gang standard 
briquette molds were used for molding the test specimens. The 
briquettes were made in accordance with the directions pre- 
scribed in the United States Government apecifeation for Port- 
land cement.* 

Specimens for compression were made in the proportions by 
weight of one part cement to three parts sand, but in several in- 
stances the smallness of the sample precluded such a test. The 
compression specimens were cylindrical, with a diameter of 3.568 
inches and a height of 7.136 inches. The cylinder-shaped molds 
used in forming these test pieces are constructed of cast iron and 
are split vertically into halves for facility in removing the speci- 
mens. During the molding operation, the two halves of the mold 
are held together by a cast-iron ring that encircles the body of the 
mold with a taper fit. The diameter was made 3.568 inches so 
that the area of the bearing faces would be exactly 10 square 
inches, as this greatly facilitates the calculation of the strength 
per square inch. The height was made twice the least lateral 
diameter in order to secure the correct shearing angle during rup- 
ture. For the purpose of comparison briquettes and cylinders 
were molded of mortar composed of one part cement and three 
parts standard Ottawa sand, by weight. Both the tension and 
the compression test mortar specimens, unless otherwise noted, 
were stored for the first twenty-four hours in a moist-air cabinet; 
at the end of this period the test pieces were removed from 
the molds and stored up to the time of rupture inX resh run- 
ning water maintained at an average temperature of 28? C. 


“United States Government Specification for Portland Cement, Circular 
Bur. Standards 33 (May 1, 1912, and January 18, 1917). 
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In Table 5 are recorded typical results of physical tests of. 
eight brands of Portland, cement that have been used' in concrete - 
construction in the Philippine Islands. These tests were made 
in the materials testing laboratory of the Bureau of Science in 
accordance with the United States Government specification 
for Portland cement. The requirements of the older specifica- 
tion were in force in the Philippine Islands until May 24, 1918, 
and are abstracted here for convenience in studying the results 
given in Table 5. 


2. In the finished cement, the following limits shall not be exceeded: 


Ao oF Per cent. 
Loss on ignition for 15 minutes. 4.00 
Insoluble residue ................ 1.00 
Sulphuric anhydride (SOs) 1.75 
Magnesia (MgO) .... 4.00 


SPECIFIC GRAVITY 

3. The specifie gravity of the cement shall be not less than 8.10. Should 
the cement as received fall below this requirement, a second test may be 
made upon a sample heated for 30 minutes at a very dull red heat. 


TINENESS 
4. Ninety-two per cent of the cement, by weight, shall pass through the 
No. 100 sieve, and 75 per cent shall pass through the No. 200 sieve. 


SOUNDNESS 

5. Pats of neat cement prepared and treated as hereinafter prescribed 
shall remain firm and hard and show mo sign of distortion, checking, 
cracking, or disintegrating. If the cement fails "to meet the prescribed 
steaming test, the cement may be rejected or the steaming test repeated 
after seven or more days at the option of the engineer. 


TIME OF SETTING 
6. The cement shall not acquire its initial set in less than 45 minutes 
and must have acquired its final set within 10 hours. 


TENSILE STRENGTH 

7. Briquettes made of neat cement, after being kept in moist air for 
24 hours and the rest of the time in water, shall develop tensile strength 
per square inch as follows: 


Pounds, 
After 7 days .... 500 
After 28 days .... 600 


8. Briquettes made up of 1 part cement and 3 parts of standard Ot-. 
tawa sand, by weight, shall develop tensile strength per square inch as 


follows: 
s Pounds. 


200 
275 


After 7 days .... 
After 28 days 


“United States Government Specification for Portland Cement, Circular 
Bur. Standards 33 (May 1, 1912, and January 18, 1917). 
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. The foregoing specification has been superseded by that pub- 
lished in the third edition of Circular 33, issued January 18, 
1917. The latter United States Government specification for 
the testing of Portland cement has been in force in the Philippine 
Islands Since May 24, 1918, and is effective at the present time. 
For the purpose of comparison, the new requirements are here 
given. 


CHEMICAL LIMITS 
2. The following limits shall not be exceeded: 
Per cent. 
Loss on ignition oo... ee eese ccrta threat aska 4.00 
Insoluble residue 
Sulphuric anhydride (SOs). 
Magnesia (MgO) ................. 
SPECIFIC GRAVITY ` . 

8. The specific gravity of cement shall be not less than 8.10 (3.07 for 
White Portland cement). Should the test of cement as received fall below 
this requirement, a second test may be made upon an ignited sample. The 
specific-gravity test will not be made unless specifically ordered. 


FINENESS 

4. The residue on a standard No. 200 sieve shall not exceed 22 per cent 
by weight. 
SOUNDNESS 

5. A pat of neat cement shall remain firm and hard, and show no signs 
of distortion, cracking, checking, or disintegration in die steam test for 
soundness. 
TIME OF SETTING 


6. The cement shall not develop initial set in less than 45 minutes 
when the Vicat needle is used or 60 minutes when the Gillmore needle is 
used. Fina] set shall be attained within 10 hours. 


TENSILE STRENGTH 


T. The average tensile strength in pounds per square inch of not less 
than three standard mortar briquettes composed of one part cement and 
three parts standard sand, by weight, shall be equal to or higher than the 
following: 


Tensile 
A $ strength, 
tect Storage of briquettes. pounda 


Days. 
7 | 1 day in moist air, 6 days in water... 200 
28 | 1day,in moist air, 27 days in water 


a 
a 
E 
2 
Ei 
o 
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. The foregoing specification has been superseded by that pub- 
lished in the third edition of Circular 33, issued January 18, 
1917. The latter United States Government specification for 
the testing of Portland cement has been in force in the Philippine 
Islands Since May 24, 1918, and is effective at the present time. 
For the purpose of comparison, the new requirements are here 
given. 

CHEMICAL LIMITS 

2. The following limits shall not be exceeded: 


Per cent. 


Loss on ignition 4.00 


Insoluble residue .... 0.85 
Sulphuric anhydride (SOs)... 2.00 
Magnesia (MgO) ................ as 5.00 


SPECIFIC GRAVITY . 

3. The specific gravity of cement shall be not less than 3.10 (3.07 for 
White Portland cement}. Should the test of cement as received fall below 
this requirement, a second test may be made upon an ignited sample. The 
specific-gravity test will not be made unless specifically ordered. 


FINENESS 

4. The residue on a standard No. 200 sieve shall not exceed 22 per cent 
by weight. 
SOUNDNESS 


5. A pat of neat cement shall remain firm and hard, and show no signs 
of distortion, cracking, checking, or disintegration in the steam test for 
soundness. Ac : 


TIME OF SETTING 


6. The cement shall not develop initial set in less than 45 minutes 
when the Vicat needle is used or 60 minutes when the Gillmore needle is 
used. Final set shall be attained within 10 hours. 


TENSILE STRENGTH 
7. The average tensile strength in pounds per square inch of not less 
than three standard mortar briquettes composed of one part cement and 


three parts standard sand, by weight, shall be equal to or higher than the 
following: 


Tensile 
igtrength, 
pounds 


Axe at Storage of briquettes. 


Days. 
"|1day in moist air, 6 days in water... LL Lc cesses eee eee 200 
28 | 1day in moist air, 27 days in water 


| Tracing No. 


( 0 -3 0 c A ANH 


oe bi kit 
BSaRaBReS 


Brand. 


Culebra... 
Do.... 


TABLE 5.—Typical results of physical tests conducted upon Portland cements used in the Philippines. 
Ta - (exc ue eee m Re = ——. = 
erento Soundness. i Setting Tensile strength, pounds 
3 I through — i time. per square inch. 
Manufactured Tested E | ne E g t Fa me ET i 
in— eet $ : ; ! 3 ! » | 2 Neat. | Seed Remarka. 
2|218|/2|58 a | = 
E E: 2 E alm. 3 
aJ EIE] eles; ss) $ | S | 7 | 2 | 7 | 28 
È = E | 3? E Tl GE È | days. | days. | days. | days. 
| h. mh. m. 
Japan ... Nov. 10, 1916 10 86 97 | 3.11 |O. KO. K.|4 12|6 25 597 648 252 362 | All results within specifications. 
TEER: s soe Apr, 22, 1918 | 100 81 97|3.11 jo. KO. K.| 4 89]7 09] #456 | ^550| c197| 4308 
Germany Sept. 12,1912 | 100 82 98 | 3.08 O. K.O. K.) 1 56/4 26) ¢587| 617 | w294 364 
July 8, 1911 20 71 96 | 3.08 O. K.O. K. 1 38|4 41| b501| 1606 263 315 
Oct. 8, 1917 20 18 97 | 3:11 0. K.O. K. 3 86|6 13 594 636 ?89 856 Do. 
Mar. 2, 1918 | 100 82 96|3.11 O. K.O. K. 8 13 |6 29] i547] k606 236 1308 
Dec. 15, 1915 20 80 98 | 3.11 o. K.o. K.| 5 08|7 52 609 737 277 369 Do. 
Oct. 23, 1919 37 71 |-----. 3.12 (0. Ku... 3 34|6 40|..... Ju. m179| n261 
Mar. 13, 1911 60 T8 91|3.10 |O. K. O. K.e1 26|3 38 598 | »659 276 336 
Apr. 18, 1911 10 a 97 | 3.12 0. K.O.K.|3 02|5 23 654 "19 | 4226 | r297 
Feb. 25, 1916 12 84 $8 | 3.09 :O. K.O. K|4 12 | 7 41 565 654 237 308 Do. 
Jone 17,1910] 35| 83} 98|3.09,0. K.O. K|1 51|5 oa] s511 | teto] «220| w285 
Jan. 18, 1916 25 89 99 | 3.1410. K.O. K.|4 29|7 45 555 659, 283 374 Do. 
Jan. 25, 1916 25 88 98 | 3.14 O. K.O. K.|5 3517 25 554 | w650 260 330 
Oct. 4, 1916 10 80 98 | 3.12 O. K.O. K.|3 34 5 84 ; 566 631 237 324 Do. 
May 15, 1916 40 419 94 | 3.14 | 6) o. K.|2 30 4 39; v»547| 2644 | 12160 | bb 256 


Green Island 


4 92 samples failed. 
4 97 samples failed, 
* 53 samples failed. 
439 samples failed. 
*1sample failed. 

f 1 sample failed. 

£ 78 samples failed. 


h 10 samples failed, 
1 8 samples failed. 

3 10 samples failed. 
x35 samples failed. 
19 samples failed. 
m 28 samples failed. 
1 80 samples failed. 


? 2 samples failed. 
P1 sample failed. 
42 samples failed. 
73 samples failed, 
* 15 samples failed. 
t 11 samples failed. 
a 7 samples failed, 


Y 9 samples failed. 


w 2 samples failed. 
x27 samples unsound. 
Y 4 samples failed. 

z 2 samples failed. 

aa 39 samples failed, 
vb 33 samples failed. 
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In this laboratory it is customary to test one barrel of cement 
in every ten. Each sample of cement received by the Bureau 
of Science, so far as the Government is concerned at least, there- 
fore represents ten barrels of cement. Only one sample in every 
ten is tested for fineness, one in every five for time of setting 
and for specific gravity, but every sample is tested for sound- 
ness and tensile strength. An incomplete chemical analysis is 
also made of every lot of cement received by the laboratory, 
a single composite sample being taken for this purpose. Table 
6 gives the loss on ignition, insoluble residue, sulphuric anhy- 
dride, and magnesia of some cements used in the Philippine 
Islands. 

TABLE 6.—Incomplete chemical analyses of Portland cement uscd in the 
Philippine Islands. 


; i 

Brand, Miren donee qum 

y RET m 

Per cent.|Per cent, Per cent. Per centi, 

prc 1.63 0.55 nao] Los | 

Caballu LA AA LL LL e ee 210| 0.25) nar] 212 | 
Culebra.... eA 190 035.  L16; 196 
Green Island —| L85 044] — L25 1.95 
Onada..... -i L4] 04 L50| 1.79 

Rizal OEA E 2a] o5 Leej as | 


In Table 7 are recorded the number of samples of Portland 
cement tested at the materials testing laboratory since the in- 
ception of such work in 1907 at the Bureau of Science. Pre- 
vious to that year the testing of Portland cement was scattered 
throughout the various government entities using it. 

Mineralogical composition.- Some of the sands were examined 
under the magnifying glass for the purpose of making a rough 
approximation to their mineralogical composition. In order 


TABLE 7.—Number of samples of Portland cement tested at the Bureau 


of Science. 

Year. Samples. Year, Samples. 
1907 - 24 1914 6,817 
1908 1,200 1915 6,716 
1909 “2,788 1916 15,790 
1910 “3,293 1917 » 5,687 
1911 *3,724 1918 4,999 
1912 8,476 1919 6,888 
1913 9,535 


* Figures include a small unknown number of soil, fertilizer, and sand 
samples, 
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to determine the mineralogical nature of the grains it was gen- 
erally necessary to free them from adhering dust, dirt, or clay 
by washing with water. Representative pieces of the coarse 
aggregates (gravels and Stone) were fractured by rapping them 
sharply with a geological hammer, and the clean broken surface 
was examined macroscopically. g 


TECHNIC OF CONCRETE TESTS 

Method of mizing and molding--All proportions used in this 
paper to indicate concrete mixtures are by volume. For propor- 
tioning the mixtures the weight of a cubic foot of cement was 
assumed to be 90 pounds. Both the sand and the gravel were 
measured dry, and compacted in the measuring boxes by gentle 
percussion. After having found the weight of a unit volume 
of the compacted aggregate it was more convenient to pro- 
portion the mix by using the weight of a unit volume of the. 
materials. The aggregates required for a mixture were weighed 
instead of actually measured by volume, and the loss in time and 
the tediousness of compacting them were thus avoided. Like- 
wise, it was more convenient and more accurate to weigh the 
cement for the various tests and then to calculate the volume, 
than actually to measure by volume the cement required. The 
sand and cement were then intimately mixed with a shovel on 
a concrete slab, after which the gravel was added and the whole 
thoroughly mixed in the dry state. In these laboratory tests 
the batches never weighed more than 30 kilograms, so that it 
was a comparatively easy matter to secure a homogeneous mix- 
ture. A crater was next made in the middle of the heap and 
water amounting to from 7 to 10 per cent (depending upon. 
the granular sizes of the sand and gravel) of the total weight 
of the dry batch was added; fine aggregates always required 
more water than coarse ones. The consistency sought in these 
tests may be described as “quaking:” such a mixture is a fairly 
stiff one, which upon slight tamping yields water on the surface. 
The mass does not flow readily and has to be spaded and rammed 
vigorously to produce specimens free from honeycombing. The 
test pieces Were made by tamping the concrete into the molds 
in layers about 1 inch thick; the mold was also subjected to a 
vibratory motion by rapping the outside with a wooden block. 
When the mold was full, the top surface of the specimen was 
smoothly finished with a trowel. Most of thé laboratory speci- 
mens were 6-inch cubes; some concretes made of small-sized 
gravels were cast in the cylindrical molds already described 
under mortar tests. At the end of twenty-four hours the speci- 
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mens were taken out of the molds and stored either in the labo- 
ratory air or in the moist-air closet until the time of rupture. 
With a few exceptions, the test specimens sent to the mate- 
rials testing laboratory of the Bureau of Science were hand- 
mixed. From personal observation of the activities of concrete- 
mixing gangs in various parts of the Archipelago I am in a 
position to aecount for the exceptionally low and erratic re- 
sults obtained from specimens made on the building site. 
Laboratory tests of many of the aggregates gave high and 
uniform results; however, the proportioning of the same ag- 
gregates and cement in the field in the Philippine Islands is, 
in general, a haphazard operation that results in an arbitrary 
mixture which bears little relationship to the concrete prescribed 
by the designer. In some instances both the cement and the 
aggregates are measured loosely, with the result that instead 
of using from 90 to 100 pounds to the cubic foot as packed in the 
barrel, the cement is used in volumes that weigh anywhere from 
50 to 70 pounds to the cubic foot. By using this method one 
barrel of cement is made to go a long way, but the resultant 
concrete is very friable and gives extraordinarily low com- 
pressive strength. In other instances I have seen the sand 
and gravel measured in wheelbarrows—a certain number of 
loads of each to one barrel of cement—with the result that the 
actual ratio of cement to sand to gravel was unknown. 
Irregularities also occur in the operation of mixing that cast 
light on the discordant results secured from a lot of specimens 
made from the same batch of concrete. The usual method em- 
ployed in making concrete by hand in the Philippines is to mix 
ihe sand and cement dry until it is fairly homogeneous; in 
general this means that a barrel of cement is dumped on the 
sand and the pile shoveled through once to form a cone. Some- 
times the cone thus formed is shoveled through once more. The 
workmen now form a crater in the center of the cone while a . 
man plays an ordinary garden hose or pours pails of water 
into the depression thus formed. The amount of water added 
is determined by the mixers, who continue to call for water 
until the mortar has lost all of its stiffness and plasticity, and 
the shovel can be passed through the mass with a minimum 
amount of labor. No attempt is made to measure the water; it 
is used in such superabundance largely for the purpose of re- 
ducing to a minimum the work of mixing and placing. The 
mortar thus drenched with water is soupy, and more than 
once I have seen it flow over the edge of the wooden mixing 
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board. The mortar is now distributed on the gravel layer which 
has been spread on the mixing board to a depth that may range 
from 6 to 12 inches, Two or four men with Shovels, stationed 
in pairs and facing each other, now proceed to mix the super- 
imposed blanket of mortar with the underlying layer of gravel 
in such a manner that the mortar is incorporated with only 
that portion of gravel lying directly underneath it so that the 
mass as a whole is not thoroughly intermingled, but is mixed 
sectionwise. In other words the two-layered mound of mortar 
and gravel is shoveled directly into buckets or wheelbarrows 
used for conveying the concrete to the structure, after each 
shovelful has been subjected to an average of four turns. Dur- 
ing this last mixing operation a man stands by with a hose or 
with pails of water to do the bidding of the men engaged in the 
mixing operation, who call for water as long as the mass offers 
decided resistance to the passage of the shovel on account of 
plasticity. They aim to get as wet a mix as possible in order 
to reduce their work to a minimum and to facilitate the placing 
of the concrete in the structure. The result is a soupy, non- 
uniform concrete, subject to segregation while being conveyed to 
its final resting place and while being placed. On account of 
the excessive amount of water added the concrete so mixed 
will have a low compressive strength, as tests have already 
shown. - 

The concrete specimens cast in the field lacked the careful 
workmanship shown by the cylinders and cubes molded in the 
laboratory. In some few cases the honeycombed texture of the 
concrete test pieces made on the building site showed evidence 
of lack of tamping and spading. Their chief fault, however, 
was the irregular manner in which the cylinder ends had been 
finished so that it was necessary to embed them in plaster of 
Paris before they could be subjected to the compression test. 
Careless packing accounted for injuries sustained by some test 
pieces during transport from the building site to the laboratory, 
as a result of which no tests were possible. 

Data on the storage of concrete specimens fabricated in the 
field show considerable variation. On account of the distance 
between the building site and the laboratory and the irregular- 
ities of interisland communication, it was not always possible to 
receive the specimens in time to break them at the end of twenty- 
eight days. Results obtained from such belated test pieces lose 
some of their comparative value; but they have been included 
in this paper in order to convey some idea of the quality of 
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the concrete used in the particular structure concerned. Field 
specimens, referred to as stored in moist air, may be considered 
as having been sprinkled with water or as having been kept 
under moist sacking or buried in the ground. 

METHOD OF TESTING 


To insure uniform distribution of the load on the specimens 
made in the field it was found necessary to embed in plaster 
of Paris the rough ends bearing on the testing machine. The 
test pieces made in the laboratory were so smoothly finished 
that capping with plaster was unnecessary , but a piece of card- 
board was interposed between the bearing surfaces and the table 
and crosshead of the machine. 

In embedding the ends of a specimen, plaster was thinly 
spread on a piece of cardboard resting upon a surface plate 
and one end of the test piece pressed in by hand so that plaster 
oozed out on all sides. After the plaster had set, the specimen 
was turned upside down and the other end forced into a thin 
layer spread on a piece of cardboard resting on a spherical bear- 
ing block. This time the specimen was pressed into the plaster 
by the testing machine, care being taken not to exceed an aver- 
age pressure of 30 pounds per square inch. After resting for 
at least twelve hours, the specimens were centered on a spherical 
bearing block that rests on the weighing table of the testing 
machine, and the test pieces together with the upper'section of 
the spherical bloek were slowly rotated to insure uniform bear- 
ing, while the crosshead was brought down upon the specimen. 
The load was applied uniformly at the rate of about 0.5 milli- 
meter per minute. After rupture, the specimen was removed 
from the machine, and the fragments examined to determine the 
nature of the failure. If only the mortar had failed, the test 
was reported as a “mortar failure,” whereas, if considerable 
gravel or stone had been sheared or fractured in addition, the 
specimen was reported as a "gravel and mortar failure." 

DISCUSSION OF RESULTS 

In Table 8 are recorded data obtained in testing 1,677 spec- 
imens of concrete. Most of these results were gotten from test 
pieces made in the field throughout the Archipelago; the rest 
were from specimens made in the materials testing laboratory 
of the Bureau of Science of aggregates sent by district engineers 
in charge of provincial building projects. 

ALBAY 

Examination of the data on compressive strength of concrete 

specimens listed under Albay, in Table 8, shows that the field 
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tests are fair. When classified into series and averaged the 
results are consistent in that the mixtures poorest in cement 
average weakest, and those richest in cement average strongest. 
Disregarding the slight differences in age of the various field 
Specimens, it will be seen that the 1 : 8 : 6 mixtures average 607 
pounds per square inch; the 1:2:5 mixtures, 923; and the 
1:2:4 mixtures, 1,068. The corresponding results obtained 
from laboratory-made specimens average about twice as high; 
thus the results given by the 1:2:4 concrete made at the 
Bureau of Science average 2,578 pounds per square inch, and 
a single laboratory-made specimen of 1:3 :6 concrete has a 
compressive strength of 1,046 pounds per square inch; these 
results are 2.5 and 1.7 times as great as the respective average 
field results. Table 2 gives the tests of four sands from Albay, 
all of which are satisfactory and compare favorably with those 
of Ottawa sand. In fact, Quinale River sand mortar gives a 
higher compressive strength at the end of 28 days than does 
standard Ottawa sand mortar. 


ANTIQUE 


The results obtained from concrete specimens made in An- 
tique are interesting examples of extreme aberrancy and are 
somewhat puzzling, considering the lack of information on the 
aggregates used. No tests have been made of Antique sands 
or gravels, and even the origin of the aggregates which were 
used in making the 1 :2 : 4 mixtures that gave the extraordi- 
narily low average compressive strengths of 233 and 281 pounds 
per square inch is not known. The specimens cast of similar 
concrete and used in constructing Ipil Bridge, though younger, 
gave the good average strength value of 1,334 pounds per square 
inch. The results are clearly freakish and indicative of care- 
less field procedure. A preliminary laboratory test of available 
aggregates for the purpose of choosing the most suitable sand 
and gravel, coupled with careful field work, would have obviated 
such irregular results. 

BATAAN 


The compressive strengths of concrete recorded under Bataan 
were all obtained from specimens made in the materials testing 
laboratory of the Bureau of Science. The results are only fair. 
Specimens made of 1:2 : 4 concrete and aged 28 days average 
only 1,723 pounds per square inch, and 1 1:8 :6 test pieces of 
the same age average 889. These low compressive strength 
values are entirely due to the very fine beach sands used. "Table 


| Tracing No, | 


16 


TABLE 8.—Compressive strength of Portland cement concrete made in various parts of the Philippine Islands. 


Source of aggregate. 


Test specimens pre- 


Concrete served in— 
Structure in which concrete was used. specimen’ tested. 
Sand. Gravel. Moist Water.| Air. 
ALBAY. | | Days. | Days, | Days. | Days. 
Dec. 10, 1914 1 zm| c9 | 
1 21 28 
SANE Limestone screenings, | Crushed limestone, Ma- |-------- T 28 
Mauraro Quarry. uraro Quarry. ! 
DO ————————— Dec. 24, 1914 | Big Cabraran River ...... Broken limestone bowl- a | 
ders from Km. 14, Gui- 
nobotan-Joveliar Road | 
Doziscl-ccaswexsXansenessHésetandaatadsCdsidEanaMEKEE esee do.......| Half limestone screen- |..... dà: ONE EE EA | ia y hi € 31 
ings, half sand from 
Big Cabraran River. | 
Do. E Limestone screenings 81 
no, PARN PATANI AMIRA, GA. Ae see " Guinobatan 31 
DOs scutes ERA AA AA Mar. 10, 1915 | Sand from  Cabraran | Limestone from Cabra- |. 36 
River. ran River. 
ecl do ...: 36 
Crushed limestone from 1 27 28 
Mauraro Quarry. 
Arch, Bridge 8.1, Guinobatan-Jovellar Road............. Apr. 15, 1915 ; 42 


Guinobatan-Jovellar bridges, Camalig 
Quinale-Libon Bridge 134, Polangui 
Manita School, Manita. 


17 | Bridge 42,1, Polangui JI 


Jan. 27, 1915 i Limestone screeninga 


Sept. 13,1915 Polangui River... 
Sept.24,1915 Manita Beach ........ 
June 6. 1915' Polangui River (fine) 


Crushed limestone from |. 
Mauraro Quarry. 


Cabraran River . 
Quinale River... 
-.! Manita Beach ............ 
Polangui River (soft) 


PET 
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18 Do. June 25, 1915 |. 
19 | Not used in any structure. Feb. 6, 1915 
90] Dog a aaa 
21 
ANTIQUE. 
22 | Burizol Bridge, Culasi........... LL -| Apr. 30, 1915 
23 Do. May 11, 1915 
24 Do. Jan. 21, 1916 | Beach near Bunkol River 
25 -| July 21, 1916 
26 , None ....... (———^^A^ARA——— TORRES Oct. 30, 1909 
i No. 0. 
2T|. Do: aaa aa Gn pA 
28 
No. 2. 
29 | ' Mariveles Beach sand, 
LM E een [DRM 
31 Mariveles Beach, No. 2. 
82 --do . t 
33 Mariveles Beach, No. 1. 
84 Don EET NM IN Oct. 16, 1911 ' Bataan Beach........... 
35 Dona ab a a AN | balag do ....... PETE oa elec E 
36 
87 
88 | Munting-Tubig Bridge 
89 Do.. -|-----do 
40 | Matayuanoc Bridge. Oct. 9, 1916 


No. 2. 


Mariveles Beach sand, | Mariveles Beach gravel, 


No. 4. 
Sisiman crushed ande- 
site. No. 5. 


Mariveles Beach gravel, 
No.3. 

Coral fingers from Ba- 
taan Beach. 

Reef coral from Bataan 


RI 
EN 


5 13! 


saguBaubb iy $31 PUD 93240u07) owddpyg 
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TABLE 8.—Compressive strength of Portland cement concrete made in various parts of the Philippine Islands--Continued. 


Source of agregate. 


served in— 


' Test specimens pre- 


s 
z Concrete 
E] Structure in which concrete waa used. specimens 
& cast, 
o 
8 Sand. | 
[2] 
H 
BOHOL. | 
41 | Abatan Bridge, Cortes, floor system . Feb. 16, 1910 
42 | Abatan Bridge, pier foundation Feb. 18, 1910 
43 | Abatan Bridge Apr. 24, 1910 
44 | Abatan Bridge, panels 1 and 2 numbered from south June 20, 1910 
45 | Abatan Bridge, panels 3 and4. June 21, 1910 
46 | Abatan Bridge, panels 5 and 6 . June 22, 1910 
47 | Abatan Bridge, north span .. July 5, 1910 
48 July 6, 1910 
49 July 7, 1910 
50 July 12, 1910 
51 | Calape-Tubigon bridges and culverts ____ May, 1910 
Do do ....... 


June 18, 1910 


do .. 


do....... 


Gabe CC HA 


Dec. 18, 1911 | 


, Quirizua River 
| 


, Bocaue River.. 


Gravel. 


air, 


Moist 


Water, 


When 
tested. 


Ji 


Days. 


Ao ox o2 


96T 
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$——88991T 


| Feb. 10, 1912 
| Dec. 29, 1912 


Aug. 1,1915 
July 30, 1915 
Aug. 7, 1915 


Maasim 
Ottawa 
Maasim 


Pulilan River 


181 


3'81 


Suy 


523000460 y sp pun 93940u0f) ouddiny gy 
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TABLE 8.--Compressive strength of Portland cement concrete 


made in various parts of the Philippine Islands--Continued. 


é Source of aggregate. Test specim cad pe 

Z Concrete When 
E] Structure in which concrete was used. specimens tested. 
3 ` Sand. Gravel. Moist Water.| Air. 

E 

BULACAN--continued, Days. | Days. | Days. | Days. 

97 | Malolos Market, columns. Aug. 19, 1915 -| 18 

98 Do... Aug. 20, 1915 į 181 

99 | Pulilan Market Sept. 1, 1915 1 18 14 28 
109 Do. 1 13 14 28 
101 Do. 1 13 14 28 
102 Sept. 2, 1915 1 13 14 28 
103 Sept. 1, 1915 : 1 13 14 28 
104 Aug. 30, 1915 - 1 15 n 21 
105 Sept, 1, 1915 ! 7 1 13 l4 28 
106 Nov. 7,1916 | Bagbag River do ........ a li 1 25 27 
107 --do. - H 1 25 21 
108 --do . i: 1 1 25 21 
109 do. : 1 15 12 | 28 
110 do. - 1 15 12 28 
nn --do ..... = - 1 13 14 28 
112 Nov. 23, 1917 | Santa Maria River Santa Maria River........ 28 aaa AA 28 

CAPIZ. 
113 | Capiz Bridge, south and north arch rings................ Dec. 11, 1909 | Ivisan River.... -| Ivisan River, soft...... ssd 67 
114 Do. Dec. 13, 1909 |...... do .. Seu dO EN $ 69 
115 Do. Dec. 14, 1909 |..... do POS MAA s KU 
116:]Ivigan Schloolz--..— 2 a eiasvizddiescnossso|osefesraLcact-Dz Ivisan River, very fine| Ivisan Bay, large and 27 
and dirty. not graded. 

117 ! Aug. 31,1915 | do e... padis] 1 13 13 27 
118 Oct. 15, 1915 Santa Barbara .. 1 13 18 82 
119 1 13 18 32 


86T 


eouow Sg fo wuinop ourddipnyd YL 


IZGI 


120 


121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
181 
182 
183 
184 
185 
186 


137 


188 
139 
140 
141 
142 
143 
144 


145 
146 
147 
148 


Pilar School .. 

Do... 

Do. 

a KM EMMMMM 

Libas Bridge, Capiz. 
Nov. 4, ma d0 lle uuu 
Oct. 26, 1916 | Km. 12, 
River. River. 
mE do a Lone sl dO AA 
CAVITE. 
Tabon Bridge, southwest corner and south abutment....| Dec. 20, 1910 | Pasig River __ Pasig River _ 
Tabon Bridge, center, south abutment mop "do. 
Tabon Bridge, southeast side, south abutment | Dec. 22, 
Tabon Bridge, center, north abutment. -| Dec. 31, 
Tabon Bridge, spandrel wall. --| Jan. 2, 
SN MN do ....... 

Tabon Bridge, south side ring; north and south abut- | Jan. 11, 

ments. 
Tabon Bridge, spandrel wall... Jan. 12, 
Tabon Bridge, balustrade, east side | Jan. 15, 
Tabon Bridge, balustrade, west side Jan. 19, 
Cafiacao Bridge, piles -~ 000000 00. Nov. 12, 1915 | Mariquina River, coarse, 

dirty. 


Mi bi ko Hi ia ht pi ht po pna ma a ha 


. 28 


14 


u 
14 
nM 
16 
16 
15 | 
15 
15 | 
15 
19 
18 
n 
16 
20 
18 
28 


28 


28 
28 
28 
30 
30 
29 
29 
29 
29 
33 
32 
81 
30 
34 
82 
42 


42 


44 
43 
42 
83 
31 
46 
87 


36 
33 
29 
82 


2'1 


buy 
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TABLE 8.—Compressive strength of Portland cement concrete 


made in various parts of the Philippine Islands--Continued. 


S a Source of aggregate. Went speci ene. prec] 
a Concrete When 
2 Structure in which concrete was used. specimens a TS SE T ! tested. 
Ë : Sand. Gravel. ` Molat Water.) Air. ! 
a L l 
= — t t 
CAVITE--continued. Days. | Days. | Days. i Days. 
149 | Cafiacao Bridge, slabe 1 and 2 mm... een Jan. 26, 1916 2| s| 1s! 8 
180 -| Feb. 9, 1916 |. 1| nm; 16! 3i 
161 .| Feb. 11, 1916 1; 14! 14. 29 
152 .| Feb. 14, 1916 1! ni Bi 28 
153 A Mar. 2, 1916 | | 2 18 13; 28 
154 Mar. 4 1916 | Mariquina River, sand | 2i B| 38 | 28 
3 washed. i | 
155 Mar. 8, 1916 : Mariquina River, washed | Mariquina River, washed 21 13 | 13! 28 
! very clean. | very clean. i i ; 
156 Mar. 9, 1916 ; Mariquina River, sand ! Mariquina River, gravel 2 13 : 13 | 28 
Do very dirty. | very dirty. i i i 
157 Oct. 29, 1915 Mariquina River.......... ' Mariquina River ........ 2 13 | 14 29 
158 Nov. 1, 1916 i Rio Grande Rio Grande- 1! X |o 98 
159 Oct. 18, 1916 : 2 28 
160 E Oct. 20, 1916 2 28 
161 Oct. 23, 1916 2 26 
162 | Calero Bridge, Noveleta-Cavite Road, piles. ! Nov. 18, 1916 ‘ 3 28 
163 | Culverts, Noveleta-Cavite Road .. | Nov. 17, 1916 j 28 
164 Nov. 18, 1916 , 28 
165 -| May, 19161 28 
166 Nov, 1916! 28 
167 ide n-au. 28 
168 28 
28 


169 


OVT 
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170 | Naga River Bridge, floor -.......----.------------------- | Nov. 16, 1909 r 
171 | Carcar Bridge, south arch ring Sept. 12, 1909 14 4T 61 
112 | Carcar Bridge, spandrel wall. Sept. 24, 1909 a 14 85! 49 
173 Oct. 6, 1909 - 14 23 31 
114 Oct. 8, 1909 - 14 21 35 
175 Mar. 23, 1910 Cebu----------- —Ü LI... Cebu, crushed. iron- | i sea se ae 21 28 
stained quartz. 
176 May 19, 1910 | Danao River.... -..| Danao River.... 30 
177 do .......| Mananga River. -..| Mananga River 28 
178 do ......- Danao River... Danao River... ?8 
179 ! May 21, 1910 Mananga River. -| Mananga River | 28 
180 . .1 May 22, 1911 l- Cebu, crushed quartz. ..... i 29 
181 ..| June 23, 1911 | 3 parts crushed stone, | | 36 
1 part fine gravel. 
182 | July 29, 1911 |-------------- -------------- Cebu, crushed stone...... I-:ez..-t PETRIE TES EEEE, ! 28 
188 Aug. 8, 1911 | 81 
184 Aug. 18, 1911 | 28 
185 | Magallanes Bridge, west abutment ... Oct. 15, 1911 ; 31 
186 | Magallanes Bridge, arch rings Nov. 5, 1911 30 
187 Sept, 2, 1912 | Mananga River 21 28 
"AEN C APAN (TA KAN eer does sila 21| 28 
189 21 28 
190 H — a = ias 21 28 
191 | May 10, 1913 | Stream bed, kilometer | Stream bed, kilometer 21| 28 
115.8 Barili South Road.| 115.8 Barili South Road. 
192 Nov. 28, 1915 | Sibonga Beach. Talisay . H 26 
193 -do ...-..- -do t n 26 
194 Jan. 4, 1916 do - 17 27 
195 Jan. 10, 1916 ...do .. Cd 18 28 
196 Sept. 2, 1917 | Talisay River, coaree..... Danao quarry, crushed |........|....... bl 297 
rock. f 
197 Sept. 3, 1917 296 
198 -| Sept. 26, 1917 92 
199 wate -| Sept. 27, 1917 -do ~- 91 


* Danao rock from quarry is a siliceous limestone ; coefficient of wear, 3.36; specific gravity, 2.69; rock is proposed for metalling Cebu streets. 
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TABLE 8.- Compressive strength of Portland cement concrete made in various 


parts of the Philippine Islands--Continued. 


B 
$ Ges Source of aggregate. Test ape m ME 
to Structure in which concrete waa used. specimens When 
f- cast.” tested. 
È Sand. Gravel. Moist Water.| Air. 
i 
COTABATO. 
200 | Parang Waterworks, 30 cm, conduit May 1, 1916 | Nitunn River 
201 | Parang Waterworks, intake and ram base. 
202 | Parang Waterworks..--....------------ May 26, 1916 |.. 
203 | Parang Waterworks, tank ......... June $, 1916 |. 
204 Dow E uci | July 7, 1916 |.. 
205 | Parang Waterworks, pipe........ July 10,1916 |. 
206 | Cotabato Light House, accumulator. | July 26,1916 | Manila... 
207 | Cotabato Public Hospital, Cotabato... .| Aug. 18, 1916 j Linuac Beach, fine. 56 
208 Do. Sept. 22, 1916 |... 43 
203 Do. Dec. 15, 1916 !.. -| Dimapatoy 1 13 35 49 
limestone. 
210 | Cotabato River wall, Cotabato, drain pipe ............... Dec. 4, 1918 |..... Cs PANOT RR PAGPA. KAP owe ote 1 13 46 60 
ILOCOS NORTE. 
211 | Spillway piles, Gilbert Bridge, Laoag July 28,1915 | Laoag River 34 
212 | None.. | 28 | 
213 | Spil!way piles, Gilbert Bridge. | 1 30 
214 | Badoc School. Badoc . ----! Dec. 23,1915 | Badoc Beach Badoc Beach 1 13 15 29 
| Dec. 27, 1915!.....do.. do. 1 13 17 31 
! Mar. 22,1916 |.....do. do. 1 13 19| 83 
: Mar, 23,1916 |..... CLARA AABANG doe ri | AEAT, 1 13 19 83 
ILOCOS SUR. 
8 | 
s3 |! 
220 | Cabugao Bridge Nov. 27, 1912 87 
221 | Singson Waterworks.......c. ag Mar, 23, 1915 | 31 


GPI 
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222 | Vigan Central School, piers 
223 | Vigan Central School. 


ILOILO, 


224 | None... 


Aug. 28, 1915 
Sept. 22, 1916 


-| Dee, 12, 1910 
-| Dec, 19, 1910 


Jan. 17, 1911 
Jan, 18, 1911 
Jan. 20, 1911 
Jan. 23, 1911 
Jan. 24, 1911 
Jan. 31, 1911 
Feb. 4, 1911 
Feb. 8, 1911 
Feb. 11, 1911 
Feb. 14, 1911 
Feb. 16, 1911 


Mar. 8, 1911 


Mar. 9. 1911 
--| Mar. 14, 1911 


Vigan River... 


1 


Vigan River... 
Govantes River _ 


Bridge Site............... 
Crushed siliceous 


S 


-do ag 
anta Barbara p 


28 
B7 


28 
28 


28 


E 


25 
25 
25 
25 
29 
29 
29 
29 
37 
36 
34 

59 
58 

51 

47 
43 

44 
43 
39 
39 
39 
39 
41 
41 
40 
39 
34 
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TABLE 8.--Compressive strength of Portland cement concrete made in various parts of the Philippine Islands—Continued. 


258 
256 


258 


Structure in which concrete was used. 


| Tracing No. | 


257 | Molo Bridge 


ILOILO-- continued. 


Molo Bridge, pier 6 


Source of aggregate. 


Test specimens pre- 


Concrete served in— 
specimens 
cast. Moist ! 
Sand, Gravel. Prep jWater.| Air. | 
! 
Days. 


Mar. 17, 1911 
Mar. 20, 1911 | 
Mar. 31, 1911! 
May 12,1911 
May 13,1911 | 
May 17,1911 
May 24, 1911 


May 25,1911 

May 30, 1911 |. 
June 5, 1911 |... 
June 7, 1911 |. 
June 8, 1911 | 
June 9,1911 
June 17,1911 : 


| 


6, 1911 ! 
Tam! 
8,1911. 
10, 1911 |. 
July 15,1911 |.. 
July 141911 .. 
July 18,2911 À.. 


July 19,1911 |... .. 


June 18, 1911 | La Paz, Noilo.......... 


| Santa Barbara pit. 
! Oton 


H 
Days. ! Days. 


144! 
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281 
282 


283 | 


284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
29T 
288 
299 
300 


301 
302 
303 
804 
305 
306 
301 
308 


309 


810 


Molo Bridge i 


ISABELA. 
Echague School, piers -_-.----....---.-------------------- 
Echague School, girders_.....--_.-.--------------------- 
Echague School, footings--..----------------------------- 
Cabagan Farm School, footings........ KK 
Cabagan Farm School, piers__._...----------------------- 
Cabagan Farm School, girders 
Cauayan Presidencia ____ 


-]-----do 


-| Aug. 16,1911 


July 20,1911 
Aug. 1,1911; 
Aug. 3,1911 
Aug. 4,1911 
Aug. 5,1911 
Aug. 7,1911 


Aug. 11, 1911 
Aug. 24, 1911 
Aug. 25,1911 
Aug. 26,1911 
Aug. 28,1911 
Aug. 29, 1911 
Aug. 31,1911 
Sept. 13, 1911 
Sept. 15, 1911 
Sept. 27, 1911 
Sept, 29, 1911 
Sept. 30, 1911 


Jan. 31,1916 | Cagayan River. 
Feb. 11,1916 j..... 

Feb. 12,1916 
Jan. 27,1917 | 


Feb. 5,1917 
. 12,1917 
10, 1916 
. 23, 1916 
8,1914 
bris. 
---.do s. e.t. po 


Cagayan River . 


do. 
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TABLE 8. Compressive strength of Poriland cement concrete made in various parts of the Philippine Islands- Continued. 


Tracing Ni 


Source of aggregate, 


Test specimens pre- 


Concrete seveda When 
Structure in which concrete was used, specimens tested. 
Sand. Gravel. Molat Water.| Air. 

LAGUNA. Days. | Days. | Days. | Days. 

NONG (522 25a AALSA AN Oct. 25, 1910 | Los Baños, basalt screen- | Los Baños, crushed ba- by ERES: 14 29 
ings. salt from upper ledge. 
Mogondon sand........... |... Gaan essa cues 15 14 29 
Half basalt screenings, |..... nA AAP 15 13 28 
half Mogondon sand. 
Do a NG ain maa sui ee d0. hh [| SARAP ON do aeaaea 16]... 18 28 
or a a JA do ....... Mogondon sand........... Los Baños, basalt from 15 | 15 30 
lower ledge. 

15 15 30 
80 
30 
San Juan Bridge, Calamba 30 
Do.. 30 
San Juan Bridge, abutments. Apr. 1, 1911 89 
San Juan Bridge ...... | Apr. 21, 1911 29 
San Juan Bridge; footin: -| Apr. 22, 1911 ! 28 
Do.. -| Apr. 25, 1911 it. 32 
San Juan Bridge, pier 3 -| Apr. 21. 1911 : 36 
Do. -| Apr. 18, 1911 :. 39 
Do.. Apr. 26, 1911 !. 31 
San Juan Bridge .. i 40 
88 

89 

San Juan Bridge, footing, abutment A 23 
San Juan Bridge, main arch rings.. 37 


San Juan Bridge; footing, abutment A 


May 65,1911 


9PT 
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PAREN diii. 36 
May 6, 1911 35 
! May 8, 1911 |. 33 
May 9, 1911 82 
May 10, 1911 81 
Nov. 17, 1918 Pagsanjan River, gravel 1i 13 15 29 
coarse and highly 

weathered. 
340 1 29 
341 1 29 
342 28 |.- 28 
343 | Guinarona Bridge...... Mar. 2, 1915 i 35 
344 | Barugo School, Barugo. Aug. 4, 1915 Baluguhay River 27 
$45 | None ainean LL Lol. Sept. 22, 1915 Baluguhay River, highly IE. 21 28 

weathered, 

--do. 


Sept. 5, 1915 


Nov. 1l, 1915 
Nov. 3, 1915 
Nov. 9, 1915 
Aug. 2, 1915 


Aug. 11, 1815 
Feb. 16, 1916 ` 
July 28, 1915 
Aug. 17, 1915 
Aug. 21, 1915 
Sept. 17, 1915 


2'81 


buy 


. 


sagobaibby sp pun 93242u0)) euqdipyg 
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TABLE 8.—Compressive strength of Portland cement concrete made in various parts of 


2 Concrete 

& Structure in which concrete was used. specimens 

5 s cast. 

E Sand. 

[2] 

LEYTE—continued. 

364 | Mainit Bridge, Alangdang, Leyte. Oct. 1, 1915: 

365 Oct. 8, 1919 

366 -Í Oct. 11, 1915 

367 Oct. 26, 1915 

368 Nov. 6, 1915 

369 Nov. 11, 1915 

870 

371 

372 do ..---- Ormoc River... 
373 Sept. 13,1915 | Beach, fine... 
374 Nov, 21,1915 | Ormoc River, Km. 2 
375 Nov. 30,1915 | 
316 Sept. 13, 1915 
377 Jan. 11,1916 
878 , Jan. 26,1916 : 
379 | Sept. 9,1915 | Beach, fine. 
830| | Do.......-.2.-----.l-lllI-lI1------2----44M4MMy0 do .......!.....do .........- 
381 | Hilongos Beach. 
382 EOE > |- .. 


Source of aggregate. 


Gravel. 


| 


Taghaligue Bridge, Matalom. 


5, 1915 | 
. 22,1916 | 
. 23,1916 ! 

7, 1915 | 
15,1915 | Hilongos Rive 


. 19,1915 | Beach, fine 


Ormoc River, 
and large. 


Test specimens pre- 


the Philippine Islands—Continued. 


served in— 
When 
tested. ! 
Mast Water.| Air. s 
Days. | Days. | Days. Days. 
1 7 20 28 
1 8 19 28 
1 13 1 28 
1 7 24 32 | 
1 14 55 70 
1 14 55 TO 
1 | M 55 20 
1) u 13 28 
1 M 13 28 
1 14 13 29 
2x] 14 12 21 
li 14 13 28 
1| N 13| 28 
1} 13: 22 36 
1 B 21| 35 
1 1 13 28 
1 14 13 28 
1 la 22 37 
1| 14 221 8T 
1i Mj 16 31 
ıl 16 12 29 
1! 16 13| 80 
1; 33] 16! 30 
1 u“ 16! 31 
1! 13 3l 47 


srt 
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402 Do.. H 
403 Do... | 
404 Do.. 


412 | Maasim Bridge, Maasim 
413 | Costa bridges and culverts, Inopacan 
414 Do lino PARAAN QD eS 


Tacloban Port Works. 


"Aug. 29, 1915 i 
-| Aug. 30, 1915 


-i Nov. 30, 1915 


-| June 4,1916 


Aug. 20, 1915 | 


Oct. 5,1915 
Oct. 7,1915 
Sept. 20, 1915 
Sept. 21, 1915 
Oct. 5,1915 
Sept. 20, 1915 


Sept. 30, 1915 


Mar. 9,1916 | 
Mar. 9,1916 


Mar. 31,1916 
Apr. 5,1916 


May 13,1916 
Mar. 25, 1916 
May “29, 1916 
Aug. 28, 1916 
June 3, 1916 


July 24, 1916 
Aug. 21, 1916 
Aug. 25, 1916 
Sept. 1,1916 
Oct. 5,1916 ; 


Tacloban Port Works. 
422 po ——————— QE 


Oct. 7,1916 
Nov. 4,1916 


Canturing Beach, fine ... 
Inopacan Beach .......... 
June 6,1916 |.....do ....... 
-| July 20,1916 


| Tigbao River 


Inopacan Beach... 
----.do ..... 


oa má hub A ka RÀ à a ao M e d d A Ra P n AH o RA PS RÀ m a 


$'91 


Buy 


Md 


mddir 
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TABLE 8.--Compressive strength of Portland cement concrete made in various parts of the Philippine Islands- Continued: 


ET 
: Test specimens pre- 
$ Candid Source of aggregate, served in— HAN 
H Structure in which concrete was used, specimens zs tested. 
= cast, 1 
El Sand. Gravel. Moi st Water.| Air. 
Ka 3 
LEYTE--continued. Days. | Days. | Days. | Duys. 
423 | Tacloban Port Works .. 1 13 14 28 
424 June 30, 1917 1 13 17 31 
425 June 28, 1917 1 13 19 33 
426 Sept. 25, 1917 1 14 22 3T 
427 June 23,1917 1 u“ 29] 88 
428 July 15,1917 1 14 16 31 
429 Aug. 21.1917 1 14 20 35 
430 Aug. 25, 1917 1 14 16 31 
431 Dec. 1,191 1 14 24 39 
432 Apr. 4,1918: 1 14 33 48 
433 | Dulag Market Mar. 12,1918 : Dulag Beach. Dulag Beach 
434 | Abuyog Administration Building, Abuyog Abuyog Beach... ....... Abuyog Beach 
MANILA. i 
485-1" NONG wae cose oe eb ante aai aa a aa aae May 21,1909 | Pasig River .............- Pasig River.............. 
436 do. .i Orani River .. Pasig River 
437 -do. 24 Pasig River .. 
438 27, 1909 | 
439 | Philippine Medical School, second wall and stairs ....... Feb. 4,1910 ' 
440 | Philippine Medical School; roof, floor, east wing. Feb. 14,1910 : 
441 | Manila Hotel . 15, 1910 | 
442 Do. . 16, 1910 | 
443 . 11,1910 ; 
444 . 18,1910 | 
445 26,1910 | 
446 MGa C a a aa CPE Oct. 28,1910 | 


OST 
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447 


m 
418 K 84 41 a 
quarry. A ka 
449 1.1910 |.----.--2.. Ainaki AA Gravel... 7 82 39 
450 Í Jan. 25,1911 40 
451 . Feb. 2,1911 82 Bi 
452 Per AA E KA NAA AA REN DE EDEN eden 28 5 
458 .| June 12, 1914 28 a 
464 May 25,1914 |. 38 
455 June 15,1914 -j 28 S 
456 -| 28 £x 
- 467 Aug. 25,1914 J| s uÜ 
458 | Roxas Building, columns June 15, 1914 J 28 s 
459 | Hogar Filipino Building. June 10, 1914 J s 8 
460 | Feb. 1915 28 
461 April 16, 1915 28 Q 
462 April 14, 1915 3 
463 April 15, 1915 48 S 
464 April22, 1915 41 ez 
405 July 2,1915 28 d 
466 28 a 
467 July, 1916 28 & 
468 Aug. 10, 1915 Pasig River, fine gravel .. 28 s 
469: ^ * Boi a a gcn rer dece psi dor cce Pasig River, coarse gra- 2|. 13 13 28 & 
vel. 2 
470 | Masohic Temple. July 15,1915 Mariquina River. 7 2k 28 = 
an Do. July 20, 1915 7 21| 28 Q 
in Do. July 21,1916 1 21] 28 a 
473 Do... -| July 24,1915 1 21| 28 * 
474 | Masonic Temple. July 28, 1915 | Mariquina River......... Mariquina River. Li 21 28 Se 
475 Do... Aug. 4, 1915 | Pasig River.......... Pasig River.... i 19 16 36 o 
476 Do... do... 36 
477 | Columbia Club Addition........ July 1, 1915 28 
478 28 


IST 


TABLE 8.—Compressive strength of Portland cement concrete made in various parts of the Philippine Islands- Continued. 


CI Source of aggregate. | Test specimens pres 
a Concrete ! When 
El Structure in which concrete was used. specimens j i = a ee E IAS . i ; tested, 
E * Sand. | . Gravel. i Hoist [raters Air. 
ane E ONUS cnm E " ann i m 5 i | B 
a A | | " Days. i | 
MANILA—continued, : | er 
Columbia Club Addition. Aug. 4. 1915 ..... MON Ga aaya dan cU IRA. ROEL] PANAY usi i li i : 
Doc. melli APER RU, RT CR i i 1 19 8 28 
None: i ooo estes is ee Aa RE f Aug. 10, 1915 ; ?8 
Bulkhead between piers 3 and 6.._...-.-.------.-.----- .' Dec. 16, 1915 35 
Do... Dec. 23, 1915 ?8 
Do... MU: 30 
Do... Jan. 21, 1916 ?8 
Do. ' Jan. 24, 1915 | 25 
NO AA AA [T asa 27 
Donroe Mar. 1, 1916" 37 
Do... Mar. 2,1915 36 
490 | Do. Mar. 17, 1915... 31 
491 Dui l2ef4ldcl2lec 22s... Mar, M, 1916 28 
492 | Bulkhead between piers 3 and 5, floor section 7 Mar. 16, 1916 : 23 
493 DG AA AA AA Mar. 17, 1216 28 
494 ' Bulkhead between piers 3 and 5, floor section 8 Mar. 22, 1916 28 
495 | Bulkhead between piers 3 and 5 Mar. 1. 1916 5 
496 Do Mar, 11, 1915 a 
Do Mar, 4, 1216 38 
Do Mar. 6, 1915 36 
Mar, 14, 1915 29 
Mar, 31, 1016 54 
. Apr. 5, 1915 49 
502 . Bulkhead between piers 3 and 5, beam 13. Apr, 25, 1515 23 
603. Bulkhead between piora 3 and 5 Apr. 12, 1:15 34 
004 Duci ee ea Seed ceed doece E «cpi E hrencrés SOY Do 1918 ?8 


oST 


IHUN fo juuinop naddipy] ay 


126i 


b— 8899LT 


505 | None danas abah dani N PAA AA July 20, 1915 19 8 28 ks 
506 | Philippine School of Arts and Trades, roof.... Dec. 8, 1915 1 13 20 34 o 
507 | Philippine School of Arts and Trades, girders. Nov. 24, 1915 |. 1 18 33 87 


608 | Philippine School of Arts and Trades. Jan. 22, 1916 


Mariquina River... 


509 | San José Building, Calle Rosario... Sept. 9, 1915 Pasig River.. 1 20 31 52 
510 | Postigo Building, second floor wal Dec. 15, 1915 Pasig River. 1 13 14 28 x 
511 | Postigo Building, first floor slab - Dee. 24, 1915 --..do ... 1 19 s! 28 3 
512 Tob. s oe cnr pA CR conl AW a S Read d Jan. 22, 1916 | Mariquina River . Mariquina River 1 14 13 28 = 
513 | Engineering Laboratory, University of P. L, foundation | Dec. 15, 1915 | Pasig River... Pasig River... i 13 14 28 Png 
and footings. : š > 
514 f Engineering Laboratory, University of P. L, walls | D ec. 29, 19]5 1 13 15 29 = 
above floor. j S 
515 | Engineering Laboratory, University of P.I.............| Jan. 22, 1916 | Mariquina River 1 13 18 27 *. 
516 | Spanish Casino Apr. 13, 1916 | Pasig River. La eres 96 99 S 
517 | Jones Bridge, caiasons July 7, 1917 | Mariquina River... y 
Aug. 2, 1917 Q 
Aug. 8, 1917 = 
Sept. 3, 1917 3 
t Í Oct. 12, 1914 = 
522 Do. sie AO ni 
523 Oct. 15, 1914 S 
524 £ 
525 e. 
526 Ue 
627 
528 = 
529 Q 
530 3 
531 Nov. 24, 1913 Pasig River........... B S 
522 -do 1 Sisimah crushed stone. i 180 [........ 1,193 | 1,373 & 
583 1180| 5784| — 409] 1,378 s 
ad 1180 1........| 1,193 | 1,378 


i Specimens covered with damp sacking. 1 Specimens submerged in salt water of Manila Bay under Pier L 


TABLE 8.—Compressive strength of Portland cement concrete made in various parts of thc Philippine Islands—Continued. 


Test specimens pre- : 


E Concrete Source of aggregate. | served ir-- NU 
E Structure in which concrete was used. specimens piek - i T | tested.! 
3 i | Sand, Gravel. H Maist | Water.| Air. 
E | H k i 
| ONSE | 
MARINDUQUE. Days. | Days. | Days. | Days. 
535 | Tiguion Bridge 16.1, Gasan ........... ze 
536 381 
537 33 
538 29 
MISAMIS. 
539 | Gusa Central School, footings........... wu] Dec, 8, 1910 | 30 
540 | Gusa Central School, walls... : 30 
541 | Gusa Centra! School, girders. 30 
512 | Cagayan Municipal Markct, columns... Jan. 26, 1911 | ' 84 
543 June 9, 1914 | Sen, unwashed Sea, unwashed_-____---_-! | 28 
541 | Sea, sand washed with | Sea, gravel washed with E i 29 
| fresh water. . fresh water. H ; i 

545 28 
546 2 
547 CrushedSisimanandesite | 3 30 
543 B DUM PC | mi s 
5419 Aug. 27, 1910 |..-...do ......2.. a | Crushed rock from ledge | 15 iiie: 13 28 

| adjoining U. S. Engi- | ; 

| neers Quarries on | ; 

| mainland opposite | 

| Carabao Island. k i | 
550 ! |a | 13| 28 
651 ! 43 


Pet 


aouavg fo juuanop owddinyg oW 


552 Oct. 31, 1910 
553 Nov. 2, 
554 Nov. 8 
555 Nov. 18, 
OCCIDENTAL NEGROS. 
556 | Bridge 0.40, Pontevedra, La Carlota Road ............... Apr. 4, 1916 | Marayo River .. San Enrique 
557 | Bridge 0.40, Pontevedra, La Carlota Road, alabl........ Apr. 28, 1916 | Candaguit River Candaguit River. 
558 | Bridge 0.40, Pontevedra, La Carlota Road; slab 5 .-..---- May b, 1916 


559 | Bridge 0.40, Pontevedra, La Carlota Road; slab 7 and | May 7, 1916 
abutment 2 
July 1,1916 | Bagacáy River ...... y 
June 22, 1916 |.... do. 
Aug. 28, 1916 

Aug. 17, 1916 
Dec. 5, 1916 
Dec. 12, 1916 | 
- Dec. 23, 1916 
Jan. 1, 1917 
Feb. 16, 1917 
Feb. 26, 1917 zs 


566 | Binalbagan Bridge, Hinigaran; abutments 1 and 2. 
567 | Binalbagan Bridge, Hinigaran. 


569 | Binalbagan Bridge, Hinigaran, abutmenfs 1 and 2. 


570 | Bridge 86.5, Bago; abutment 2 Mar. 8, 1917 
571 Apr. 16, 1917 
572 Apr. 23, 1917 | 


June 24, 1917 | 
Aug. 26, 1917 
June 27, 1917 
Sept. 8, 1917 
Oct. 1, 1917 
Nov. 20, 1917 
Oct. 1, 1917 


573 | Presidencia, Bago, foundation and wall .. 
574 | Presidencia, Bago; first floor... 
575 | Presidencia, Bayo: second floor 
576 | Bridge 42. 0, Pontevedra 
577 Do.. 
578 | Bridge 42.0, Pontevedra; second north abutment 
519 | Sumag Bridge, Bacolod; abutment 
580 | Sumag Bridge, Bacolod, first pilecap..... Oct. 3, 1917 
551 | Sumag Bridge, Bacolod, second pile cap .. Oct. 13, 1917 
582! Sumag Bridge, first girder span... _------------. Oct. 17, 1917 

x Used in fortifications at Carabao and El Fraile. 


Sumag Beach 
do. 


&'9t 


bury 
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TABLE 8.—Compressive strength of Portland cement concrete made in various parts of the Philippine Islands--Continued. 


Test specimens pre- 


Sam 


$ ondes Source of aggregate. served in— disi 
E Structure in which concrete was used. specimene H tested. 
à - Sand. > Gravel. Molist Water.| Air. 
OCCIDENTAL NEGROS--continued. Days. | Days. | Days. | Days. 
583 | Sumag Bridge.......... -| Nov. 2, 1917 1 13 24 38 
584 | Sumag Bridge, gutter.. Nov. 8, 1917 1 13 18 32 
Nov. 10, 1917 1 13 16 30 
Nov. 15, 1917 1 13 | 51 j 65 
587 | Sumag Bridge, abutment ...... Nov. 16, 1917 1 13; 50: 64 
588 | Sumag Bridge, slab Nov. 22, 1917 1 18 44 58 
589 | Sumag Bridge, wing wall .. Dec. 2, 1917 1 13 34 48 
ORIENTAL NEGROS, 
590 June 22, 1910 | Amblan River... Amblan River 15: Ng 28 
591 .| Tanhay River......------- Tanhay River i| 13 28 
592 --do .......| Amblan River... Amblan River i 28 
593 Ka: AA Tanhay River.... -| Tanhay River H 28 
594 | Amblan River Bridge, abutment B .. June 22, 1911 44 
595 | Amblan River Bridge, abutment A... June 23,1911 43 
596 | Amblan River Bridge, bridge seat abutment A. .........| June 29,1911 37 
697 | Amblan River Bridge, pier 4 July 5,1911 31 
598 | Bais Bridge Feb. 22, 1916 Bais River. ! 43 
599 > Feb, 23,1916 |--.-.do -.----------.-------]----- do 13. 28| 42 
NUEVA ECIJA. i i 
600 | Guimba Market, Guimba Jan. 7,1916 | Binutuan River, 1 13 | 14 28 
sand. ! 
601 Do... --do Lus. 1 135; 14| 28 
602 Feb. 23,1916 1 13 | u| 28 
600]. "Do... DARAGA naala] dO. cesee 1 13 14 28 


adua10S fo Qouanof owwddwungg ow 


9ST 


138E 


PALAWAN. ! 
604" None mum a ANA a i Mar. 6,1917 | Coron Beach ............ j Coron Beach... 1i OT E PEPEE 


605:\| i aaa EEEE A ad Oct. 22,1910 | Back of troop stables ....| Crusher-run surface rock 15 


606 -do ... 
607 Back of troop stables 
B08 | d RAAT. P "AA ! Banban River 


PANGASINAN, 


609 | Bayaoas Bridge. 
610 Do... 
611 Do 


May 9,1909 
May 11,1909 
Junc 19, 1909 |. 


615 | Pantal Bridge, piles.. 
Pantal Bridge, east abutment 


8,1910 
29, 1910 


RIZAL, 
4,1916 
7,1916 

28, 1916 

Mar. 21,1916 

May 18,1916 

May 19,1916 

Apr. 26,1916 

May 9.1916 

May 11,1916 


625 | San Juan Presidencia, San Juan del Monte 
626 | Bilibiran Bridge, Binangonan pier 
€27 | Bilibiran Bridge, Taytay pier. 


SAMAR. E ; 

628 | Bridge 0.7, Calbayog North and South Roads, slabs and | May 29 to }..--..-...------------------ EAE NEEE RAEE [ecco cci ESEE labhan 
girder spana land 2. July 9,1914 

629 | Bridge 0.7, Calbayog North and South Roads, pile cap, |... id iasi EENE ANS RAP aaah aaa Seeds Mate ot nc MER 


abutment 1. 1 


3 ST 


bury 


\ 


nld 


add: 
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TABLE 8.—Compressive strength of Portland cement concrete made in various panti of the Philippe Islanda UU 


Tracing No. 


630 


Structure in which concrete was used, 


Source of aggregate. 


Test specimens pre- 
i served in— 


Concrete is PM = = Beek, 
specimens aol ! 
cast Sand. Gravel. Moist Water. Air. 


SAMAR--continued, 


Bridge 0.7, Calbayog North and South Roads, pile cap 
and internal bents 1 and 2. 


abutment 2, internal bent 4. 

Bridge 0.7, Calbayog North and South Roads, slabs and 
girders, span 3. 

Bridge 4.3, Calbayog North and South Roads, pile cap, 
abutment 1, bent 1. E 

Bridge 19.4, Calbayog North and South Roade, piles ... 

AA APA AA AA AA 

Bridge 19.4, Calbayog North and South Roads, pile cap, 
abutment 2, Ilo Bridge. 

Bridge 19.4, Calbayog North and South Roads, Ilo 
Bridge. 

Bridge 19.4, Calbayog North and South Roads, Ilo 
Bridge, slaba 1, 2, and 3, 

Bridge 8.9, Calbayog North and South Roads, Notth 
abutment, Árapison Bridge. 

Bridge 8.9, piles, Arapison Bridge 


Bridge 8.9, slab and girders, Arapison Bridge ........ 


Bridge 9.6, Sorsogon Bridge......... 
Bridge 9.6, piles, Sorsogon Bridge... 


Bridge 0.7, Calbayog North and South Roads, pile | 


- Dec. 16,1914 | 


July 9,1914 


---- -Q0 a Ji waaah PTEE EEEN 3 


i 
1 
| 
Jag saana do ......- 
| 
| 


Pm E 1914 


Nov. 24, 1914. ,....-. seen wenn cece nnen=--- 
i à 


Mar. 5,1915j.... 


Oct. 30,1914 


Dec. 16,1914 : 
Mar. 5,1914 5. 
Mar. 24, 1914 ' 
Nov. 24, 1914 


881 


fo puanof ourddyiyd UL 


S 


9211919. 
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646 
647 
648 


649 
650 
651 
652 
653 
654 


655 | 
i ae 
656 | Bridge 8.1, Guinobatan-Jovellar Road, arch ... 


657 


658 | 


Bridge 9.6, slab girder 1, Sorsogon Bridge 
Bridge 9.6, slab girders 1 and 2, Sorsogon Bridge.. 
Bridge 9,6, Calbayog North and South Roads, slab gir- | 

ders 1 and 2. 


Bridge 20.1, 11-meter piles... 


Culvert, Catbalogan North Road. 
Do.. 


SORSOGON, 


Sorsogon Court House and Jail. 


Mar, 24, 1915 


"Apr. 15, 1915 


Nov. 15, 1915 


Nov. 12, 1915 : 
: Apr. 4,1916 


Apr. 14, 1916 


Apr. 16, 1916 |. 


Sept. 19, 1916 


.| Sept. 20, 1916 


Nov. 2,1916 
Nov. 2,1916 


| Nov. 3,1916 


Jan, 23, 1918 


Apr. 29, 1918 
May 2,1918 


: Oct. 26, 1916 


Oct. 27, 1915 
Nov. 6,1815 
Dec. 14,1915 
Dec. 17,1915 
Dec. 27,1915 


"Catbalogan Beach 
done... 
Tagdaranao Island _ 


ee pa 


35 


37 


583 


4ST 
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Md 
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TABLE 8.--Compressive strength of Portland cement concrete made 


in various parts of the Philippine Islands— Continued. 


Source of aggregate. 


Test specimens pre- 


$ z 
Z Concrete served in^- 
bo Structure in which concrete was used. enécimons 
E cast. a 
8 Sand. Gravel. Moist Water.) Air. 
fz 3 
SORSOGON —continued. Days. | Days. | Days. 

678 | Sorsogon Court House and jail .......--.---+---+------- “| Nov. 9,1915 | Salog River 1 13 16 
679 S n ENNE EEEIEI AO PESTES pa ! Nov, 15,1915 

SURIGAO. * 
680 | Bilang-Bilang Wharf Dec. 7,1915 
681 Dee. 14,1915 
682 Dec. 24,1915 
683 Dec, 27, 1915 
684 Jan. 8,1916 
655 Jan, 12, 1916 |. 

TAYABAS. l 

1 

686 | Bridge 14, Pagbilao, Atimonan Road .......... a "Sept, 20,1909 : 
687 
683 Atimonan 
689 
690 
691 
692 
693 
694 
695 

TARLAC. 
696 | San Antonio Bridge, piles.. 
697 


When 
tested. 


Days. 


. 09T 


aouaws fo jouinop owddinyA oW 
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698 p Divisoria Bridge, piles .. 


699 
100 
701 


"02 
703 
104 
705 
106 
"0T 
"08 


709 
710 
71i 
712 


Uriguit Bridge, slabs 


ZAMBALES. 


Yamot Bridge, abutment 1__.._-..-----------.----------- 
Yamot Bridge, intermediate span 1 
Yamot Bridge, intermediate span 2. 
Yamot Bridge, end span ... 


-! July 18,1913 


Dec. 5,1913 


Nov. 22, 1913 


Oct. 7,1916 | 
11,1916 
16, 1916 
. 17,1916 
16,1916 
. 19,1916 
31, 1916 


3,1916 
4,1916 
5,1916 
6, 1916 


| Lauis River 
-do.. 
-do.. 


SEHEN ! Tumaga River 


NN NN 


22 
14 
14 
12 


50 
49 
49 
62 


28 
28 
28 
28 
43 
40 
28 


36 
34 
35 
33 


a'81 


mq :Duy 


adda 


soqyoDo4DDy sii pun 9jatouog au 
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TABLE 8.—Compressive strength of Portland cement concrete made in various parts of the Philippine 


P comprensive ] 
|Propor- gt. t z 
Result ltions by erete, in pounds) 
s aged volume per square inch. 
zZ Structure in which concrete was used. or mont. Sern 
2 mens | sand, | First- | Ulti- 
broken. pr, crac mate 
E TOS ,gravel. | Stress, | stress. 
$ 
i 
Il 
ALBAY. i 
1 si| 1:2:4| 1977| 2,210 
2 ^1] E3:6: 917: 1.016 
3 *3| L24: 1,093; 1,119 
i 
4 Doea BA NEN D ee Ad a3] 1:3:6 | 364 501 
i | 
| 
| 
i . 
5 13 j 899, 614 
6 ng 370, 526 
7 13 504 | 624 
8 ag 725 178 
| 
| 
9 ng! Lk2k5 | 784 823 
10 alf 124 2.916 
11 | Arch, Bridge 8.1, Guinobatan-Jovellar Road n3 | D24 5 894 
12: None i na! 124 1,229. 1,230 
i 
I 
| 


Remarks. 


—————— 


| Aggregates tested and concrete made at the Bureau of Science. 
! Do. 
į Stone failed in every case; all cubes show numerous voids, some 3 
inch in diameter, Limestone rock very porous and highly 
weathered, Cubes made by engineer in province. 
The 
faces of the cubes were finished with a neat cement plaster coat 
$,tolinchthick. The crushed limestone markedly weathered 
and coated with residual clay; test cubes made by engineer in 
province. 

Do. 

Do. 

Do. 


Gravel sheared in all test specimens. 


All mortar failures; cubes hone¥combed with air pockets. 


Aggregates intended for 
use in construction of abutments of Big Cabraran River Bridge: 
test cubes made by engineer in province. 

Do. 

Stone and mortar failures; concrete made at the Bureau of Science. 

Gravel and mortar failures. 

Stone and mortar failures; honeycombed with air pockets; lime- 
stone highly weathered and porous; test cubes made by engineer 
in province in connection with construction of Guinobatan-Jove- 
Nar Road. 


Islands--Continued. 


C9T 


auas fo pumo; nuddinya IL 


Guinobatan-Jovellar Bridges, Camalig. 
Quinale-Libon Bridge 134, Polangue . 


Manita School, Manita . 
Bridge 42.1, Polangui. 


ANTIQUE. 


Bungol Bridge, Culasi... 


* Test specimens are 


^8 


vt 


AE 
2] 
G-inch cubes, 


1:2:4 562 
1:3:6 222 
1:2:5 968 


1:3:6 423 

ba | 1:2:4; 1,326 
685 

468 


| 


b795 | 


Do. 


; Mortar failures. 
; Gravel soft, 


Mortar failures, 


| Special test specimen cut from full-sized pile. Block faced on 


bearing ends and embedded in plaster; area of bearing surface, 
45 square inches, 

Mortar and gravel failures, 

Ail atone and mortar failures. These concrete cubes represent 
experimental mixtures made on the building site in connection 
with the construction of Guinobatan-Jovellar Bridges. 

Do. 
Do. 


Mortar failures; Haiphong cement used, 
Do, 
De. 
Do, S - 


Mortar and gravel failures; experimental concrete mixtures made 
in the Bureau of Science; aggregates Proposed for Mariveles 
Quarantine Station Barracks, 
» Do, 
Do. 

Mortar failures; experimental concrete mixtures made in the Bu- 
reau of Science; aggregates proposed for Mariveles Quaran- 
tine Station Barracks. 

Do. 
Do. 7 
Do. 


» Hand mixed, 


5'81 
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TABLE 8.- Compressive strength of Portland 


cement concrete made in various parts of the Philippine Islands—Continued. 


17 


— 
Propor Compressive 
h “strength of con- 
Remi tons by crete, in pounds 
s aged jone (per square inch. 
KA Structure in which concrete was used. or. | ment, Remarks. $ 
ko speci- » 
£ mens | send. Piper: Uti- 
broken. crac mate 
E gravel. stress. | stress. | 
BATAAN—continued. 
34 | INO a cos a A ce a a ta a a1 1:2:4 | 1,722 | 1,926 | Experimental concrete mixtures made in the Bureau of Science, 
of aggregates submitted by East Bataan Coal Mining Co. 
35 DO ERA AB AA AN *1, 1:2:4| 1,402 | 1,842 Do. å 
36 544 | 1,115 | Mortar failures. 7 
87 433 | 1,097 Do. 
38 706 | 1,227 Do. 
39 817 958 Do. 
40 | Matayuanoc Bridge 450 49T Do. 
BOHOL. : ; | 
41 | Abatan Bridge, Cortes floor system............ l.l a8: b24 318 668 | Very soft, highly weathered gravel, covered with green algae 
i (protococcus). Considerable quantities of soft coral rock pre- 
i = | i sent in gravel; mortar and gravel failures; cubes well made. 
42 | Abatan Bridge, pier foundation---..-..-----.------------ | s3 394 138 Do. 
43 | Abatan Bridge agi 595| 952 Do. 
44 | Abatan Bridge, panels 1 and 2 numbered from south a2! 460 848 | Mortar and gravel failures, gravel is composed of coral. 
45 | Abatan Bridge, panels 2 and 4 a2| 382 716 Do. 
46 | Abatan Bridge, panels 5 and 6... ag! 310| 717 Do. 
41 | Abatan Bridge, north span -...---...---- .--------------- a3, 511 | 1,093 | Mortar and gravel failures; excessive mortar in cubes, Aggregate 
i ! | is composed of soft yellow coral; Green Island cement used. 
48 |? | —————^—A—^—^—^—AWA^AR^A^A——^—»—»——»——— S a] 342 686 Do. 
49 Do......... —— X ] al. 261 602 Do. 


asua fo juuanof aurddiny YT, 


Tc8T 


BON. "DOTA EE ET AG Leu a2) 12:4 
51 | Calape-Tubigon Bridge and culverts.... ...... a] 1:2:4 
al} | 1:24:5 
el| 1:3:6 
s1 1:2:4 
ei | 12k5 
21! 1:3:6 
a3 2:4 
a3 | 1: an b 
al 2:4 
al 1:2:4 
al 1:3:6 
alj 1:3:6 
a2 1:2:4 
al 1:3:6 
s2| 1:3:6 
"2j 1:2:4 
a2! 124 
sl 1:2:4 
al 1:2:4 
a2 1:2:4 
a2 | 13:6 
al 1:2:4 
si 1:3:6 
*6 1:3:6 
a3 j 1:3:6 


* Test specimens are 6-inch cubes, 


283 | 


224 


609 
129 
245 
306 
658 


136 
156 
EZ 264 


2,444 | 


1, 028 
1,167 
1,097 

395 

820 
1, 903 
1,764 
2,055 
1,655 
1,516 


670 
1,611 
122 
574 
742 


668 
755 


843 
294 
815 
949 
719 


606 
495 
2,478 


2,654 
1,097 
1,263 
1,574 

623 
1,142 
2,039 
2,778 
2,282 
2,507 
1,657 


757 
1, 699 
833 
594 
+ 788 


1 
| 
! 


| Mortar failures, concrete from floor. 


Do. 
Mortar and gravel failures; concrete very dirty; coarse aggregate 
is coral. 
Do. 
Do. 
Mortar and gravel failures; gravel very soft, 


Experimental mixture made in the Bureau of Science of aggregates | 
proposed for construction of Santo Niño Bridge. 
Do. 


Experimental mixtures made in the Bureau of Science. * 
Do. 
Do. 
Do. 
Experimental mixtures made in the Bureau of Science of aggre- 
gates proposed for Bolo River Bridge. 
Do. 
Do. 
Do. 
Mortar failures. 
Do. 
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TABLE 8.—Compressive strength of Portland cement concrete made in various parts of the Philippine Islands—Continued. 


Result 
aver- 


Compressive | 


Propor- strength of con-: 


z Structure in which concrete was used. ga or ce 
1 EC | al pers 
£ ae gravel. stress. 
IH 

BULACAN—continued. 
75 | Malolos Market, columns. a3) 12:5 437 
76 a3| 1:26]... 
Ti a3 1:2:5 |... 
18 a3 E 
79 x3 
80 a$ | 1:14: 
81 25 | 1:39:45 |... 
82 a5 12:4 |.---..-- 
83 a5 TZA |... 
84 a5 1:32:41] 222523 
85 a5| 1:24|........ 
86 35] 12 6f 
87 a5 TAB AA, 
88 ab | 1:2:5 j-------- 
89 a5 TAB. 157-2254 
90 ag LIHAA ha 
91 a3 | 124 E 
92 a6 
93 ag | 
94 2j2| 
951. ag | 1:13 
96 a5 Ltda} í | 
7 aa! 12:5 1,765 | 


Ulti- 


mate 


stress. i 


833 
2,900 
2,620 


;tions by erete, in pounds 
volume per square inch. 
i 


Remarks. 


i 
! Mortar failures. 


| 


99T 


auas fo puanop amddinya YL 


ie0t 


pa 


] 2,327 


Pulilan Market 
Do. 


Caballo cement and fresh well water used, 
Do. 
Do. 
Mortar failures; aggregates and cement measured by the barrel. 
Do. 
Do. 
Do. 
Mortar failure; Asano cement used. 
Do. 
Do. 
Mortar failures: Rizal cement used. 
Do. 
Do. 
Peptide Mortar failures; experimental concrete mixture made at the Bu- 


1 reau of Science of aggregates proposed for Santa Maria Bridge. 


CAPIZ, 
113 | Capiz Bridge, south and north arch rings... a2 f Gravel and mortar failures. 
114 Do... s1 Do. 
115 Do....... 1 Do. 
116 | Ivisan School.. s1 Onada cement used, 
117 Do....... a2 Do. 
118 Do. ng Do. 
119 Do. 42 ! Do, 
120 | Pilar School. a2 
121 Do... ag 
122 Do. a2 Mortar failures. 
123 Do. a2 Do. 
124 | Libas Bridge, Capiz. *2 Mortar failures; Haiphong cement used. 
125 Do... n2 Do. 
128 “2 Do, 
121 22 Do. 


? Test specimens are 6-inch cubes. 

b Hand mixed. " 

€ Test specimens are eylinders 8 inches in diameter and 16 inches high. 
“Test specimens are cylinders 3.568 inches in diameter and 7.136 inches high. 


M 


fui 
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TABLE 8.—Compressive strength of Portland cement concrete made in various parts of the Philippine Islands—Continued. 


Tracing No. 


137 


188 


139 
140 
141 
142 
143 
144 


146 


-— a GT 
IPropor- strength ef con- 
Resale ,tions by erete, in pounds 
. aged | volume per square inch, 
Structure in which concrete was used. or | ment, Remarks. 
tens | 8nd, | First- | Ulti- 
EE mA e 
CAPIZ—continued, 
Balucuan Bridge, Dao, skew arch 3:2 1:2:4 887 |^ 1,678 | Mortar failures, Haiphong cement used. 
82) 1:3:6 499| 8810 Do. e 
22| 12:4 633 | 51,228 | Mortar failures; Rizal cement used. 
e2 1:2:4 830 |b1,467 Do. 
2 į 1:13:43 570] 764 Do. 
°2 | 1:2}:6} 461 b 686 Do. 
*2, 1}:2:4 | 1,099 |e1,571 Do. 
©2) 1b2:4 929 | €1,143 Do. 
e2 1:2:4 554 t643 | Mortar failures; barrels of cement received in poor condition April, 
i 1916, hoops, staves, and heads broken; cement exposed to air, but 
well stored. Rizal cement used. 
Do ERE *2| 1:3:6 357| b425 Do. 
CAVITE. 
Tabon Bridge, southwest corner and south abutment ___ *1| 13k7 56 199 | Mortar failures; no gravel sheared during test; specimens poorly 
made. 
Tabon Bridge, center, south abutment. 21] 13457 92 216 Do. 
Tabon Bridge, southeast side, south abutment *1| 1:8h7 144 396 Do. 
Tabon Bridge, center, north abutment_ sol 13k7 234 384 Do. 
Tabon Bridge, spandrel wall......... alf 13:6] 299 633 Do. 
Do: aaa 22 os m al 1:3:6 532 ] 863 | Mortar failures. 
Tabon Bridge, south side ring; north and south abut- i 
ments. n 54 1:2:4 365 579 Do. 
Tabon Bridge, spandrel wall ..--......-------.-.--------- *'2| 1:8:6 148 356 | Do, 


89T 
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1561 


9—— 889911 


146 | 
147 | 


149 


151 
152 


162 
163 


165 


| 166 


| Cafiacao Bridge, piles. 


Tabon Bridge, balustrade, west side 


| Calero Bridge, Noveleta-Cavite Road, piles.. 
Culverts, Novaleta-Cavite Road 


164: 


? Test specimens are 
d Hand mixed. 


Tabon Bridge, balustrade, east $ide......... 2... l.l 


Cahacao Bridge, slabs Land 2... 22-222 -e eee eee 


t ipod 
*8| 12:4 
*2 11.5233. 
45 | lik8 
*1 | 3:22:65 
*1 L174.8 
*2 [1:17:43 
og! L24| 
*2| 124 
e2 : 1:23:64 
33| 1:2:4 
23 | 2143; 
agl 124! 


6-inch cubes, 


saa | b764 


2981 447| 

483]. 92! 

| bags | 
1,674 *2,208 


1.167 | *1,846 
1,837 : “1,763 
1,444 | * 1,996 

428 | *609 


1,225 | 51, 304 


1,697 | 62, 394 
i 
510} r3 


402| 5521 
477 | 739 
637 | ^1, 161 
413! 5550 
369 | 5441 
881 51,588 


785 | P1,037 


1.184 | ng. 913 


Do. 
Water from brackish well near beach used for mixing concrete; 
Onada cement used. 
Mortar and gravel failures; brackish water and Green Island 
cement used, 


Dirty salt water used in mixing concrete: cylinders stored in 
salt water 13 days. Rizal cement used. 

Test specimens stored in salt water 13 days. Fresh water and 
Rizal cement used. 

Do. 

Test specimens stored in salt water 13 days; dirty salt water and 
Rizal cement used. 

Green Island cement used. . 

Caballo cement used. Experimental mixture made at the Bureau 
of Science of aggregates proposed for Calero Bridge. 


Caballo cement used. To every 36 parts by volume of mixing | 


water (artesian) was added 1 part of Truss-con water-proofing 
paste; mortar failures, : 
Do. | 
Do. 
Water from artesian well used for mixing concrete. 
Asano cement and artesian water used. 
Do. 
Experimental mixture made at the Bureau of Science of aggre- 
gates proposed for Aguinaldo School. j | 


c Test specimens are cylinders 8 inches in diameter and 16 inches high. — 
d Test specimens are cylinders 3.568 inches in diameter and 7.136 inches high. 


* Machine mixed. 


€'gt 
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TABLE 8.—Compressive strength of Portland 


cement concrete made in various parts of the Philippine Islands—Continued. 


| i 
Result jETOPOr- str 


' 


i 


Compressive | 
ength of con- 


tions by crete, in pounds 


E H po volume ‘per square inch.; 
Z Structure in which concrete was used. or nent. eh Remarks. 
z mens | send. | First. | Unti- | 
3 broken. and. crack | mate 
È " | stress. | stress. į 
= s E mg i Ea E 
CEBU, H 
168 | Naga River Bridge... | s1 527 | Mortar very friable and easily broken with the fingers. 
169 a] 211 i Do. 
170 Naga River Bridge, floor... | ng H 583 ; Mortar and gravel failures; gravel fine and very soft. T 
171 | Carcar Bridge, south arch ring... api 1,557 | Mortar and gravel failures; some pieces of gravel 3 inches in 
| diameter. 
172 *5 | 978 . Mortar and gravel failures; gravel goft. 
173 ng 786 : Mortar and gravel failures; gravel soft, concrete contains dirt and 
shells, 
174 a3: 1,236 ` Mortar and gravel failures. 
175 LI i , 2,427. Mortar failures; crushed rock very hard; experimental mixtures 
: i | | made at Bureau of Science of aggregates proposed for dam of 
; ] i Cebu Gravity Water Supply, Oamefia Waterworks. 
176 *2 18:6] 427| 624i Do. 
177 t2 13:6; 711, 1003: Do. 
178 ag 124; 900 1,429 : Mortar and gravel failures; experimental mixtures made at 
| i Bureau of Science of aggregates proposed for dam of Cebu 
i i | Gravity Water Supply, Osmefia Waterworks. P 
179 “2 , L41” 1,816! 
180 1] ! LOM' 1,639 | 
181 8] | 1,389 j 1,800 , Mortar and gravel failures. 
182 a 1381! 2,719; Do. 
188 a] 1,555: 1,884: Do. 
184 "1 2,944. 3,155! Do. 


OLT 


eowaog fo qpuanof omddiny yy oy 


1881 


185 | Magallanes Bridge, west abutment........ LL 24: 13:6 | 1,646| 2,183 | 
166 | Magallanes Bridge, arch rings 212| 12:0 | 1,954| 2,659 
187 a3; 1:2:4| 1,259 | 52,546 : Experimental mixtures made at the Bureau of Science of aggre- 
] gates submitted by the Bureau of Navigation. 

s3: 1:3:6| 1,180 | 91,380 | Do. : 
-92 | 1:2:4] 1,827 | 51,990 | Mortar failures; gravel not sheared; experimental mixtures made 
; atthe Bureau of Science of aggregates proposed for Cebu Quar- 
antine Station. 

1,555 | 91,923 Do. 

1,969 | 62,126 | Experimental mixtures made at the Bureau of Science of aggre- 
\ i | gates proposed for Barili Road bridges. i 
192 | Sibonga Bridge ......... Lee aa aaa. i a3| 1:2:4| 1,030 | 1,599 | Mortar and gravel failures; Asano cement and muddy water from 

H i Sibonga River used. 


188 
189 


190 | 
191 


Do. 


193 | 


] EN by, 002 | Mortar failure; muddy Sibonga River water used. 
194 ij b503 Do. 
195 | ng 2,274 | Mortar and gravel failures. 
196 ! Cebu Wharf extension... e3 e1, 534 Do. H 
197 ! Doe EAE ER e3 e1,664 | Mortar and gravel failures, Caballo cement used. i 
198 Do.. e3 | 21,362 Do. i 
199 Do... E | ! €1,820 Do. 

H | COTABATO. j i i 

! 200; Parang Waterworks, 30 em conduit. i e2: 813 974 | Mortar failures. | 

| 201 | Parang Waterworks, intake und ram base - e2, 60| xof Do, i 

` 202 | Parang Waterworks e2 719 951 Do. i 

| 203 h Parang Waterworks, tank... ez: 124| 1 231 | 1,445 Do. 

ETE 2 e2. 12: | 964| 1,269 | Mortar and gravel failures. t 
205 : Parang Waterworks, pipe ............. e2 | 2:14:33 606 | 1,025 | Mortar failures. : 
206 | Cotabato Lighthouse, accumulator.. f e2/ 1:2:4 619 | 1,035 | Mortar failures; muddy, salty water from Cotabato River used in i 

5 i i mixing concrete. | 

| 207 : Cotabato Public Hospital, Cotabato. : i e2 13:6 115 i 373 | Mortar failures; concrete hand-mixed with Cotabato River water, | 

' 208| Do eg] 13:6 656! 699! Mortar failures; concrete band-mixed with spring water, : 


^ Test specimens are 6-inch cubes. 

> Hand mixed. R Tas 

* Test specimens are cylinders 8 inches in diameter und 16 inches high. 
* Machine mixed. 


581 
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sagubaubby Ssp pun 919.0407») 29widdwq 


LI 


TABLE 8.- Compressive strength of Portland cement concrete made in various parts of ihe Philippine Islands--Continued. 


| je | Compressive | 
:Propor- strength of con-| 

esult |). A h i 

| Resun itions by crete, in pounds’ 


n : agi volume per square inch. 
a Structure in which concrete was used. ec ment, | Remarks. 
H | mens i sand, paba Ulit: | 
FE a ma | uidi stress. stress, j 
j- i Sa ; 2n 
3 COTABATO--continued. E | | ] 
209 | Cotabato Public Hospital, Cotabato.. .... *2| 1:3:6 | 1,822) 2,119. Mortar and gravel failures; concrete hand-mixed with spring water. 
210 | Cotabato River wall, Cotabato drain pipe e2! 12:4 | 1,446 | 1,517 Mortar failures; concrete hand-mixed with muddy Cotabato River 
ILOCOS NORTE. i : : Water: 7 
211 | Spillway piles, Gilbert Bridge, Laoag- a3 | 1:2:4 : 2,889 NA ni: E 
212 : a5; 124 1,289 | b1,905 | Experimental cubes made at Bureau of Science of aggregates used 
x ; x : H i in pileg of spillway, Gilbert Bridge. 
213 | Spillway, Gilbert Bridge .... a” ys en 6714 i Mortar and gravel failures. 
214 | Badoc School, Badoc agi ] i Caballo cement and clear stagnant water from Balaybabuy canal 
i used. 
215 eg! Do. 
216 ez | Do. 
217 e2! Do. 
218 | Bridge piles. ag! ped! 620| 1,381 Mortar failures; sand very fine. 
219 Desc a3: 18:6) 261 659, Do. 
220 | Cabugao Bridge .._. a6 1:2:4 45! "X 
221 | Sinzeon Waterwork a2’ 11830 532 ! 548 Mortar failures: failed by splitting in a plane at right angles to 
: i » , bearing surfaces, 
222 | Vigan Central school, piere..._.....-.-----. a 22. 1:2k5 LL b816 ` Mortar failures; Emerald cement used. 
223 | Vigan Central Sehoot........ an l 925 124 222. | b617]. Do 
ILOILO. | ' ; 
994. | None 02002 i ail AA a NGA al 1:2:4 10412; 1,111 ' Mortar failures; no stone sheared during test; experimental mix- 
i tures made at the Bureau of Science of aggregates proposed for 


i ; theconstruction of Molo Bridge. 


oll 


aouaig fo pousinor IARU 21], 


1261 


E 


281 


225 
226 
227 
228 
229 


230 


232 Do.. 


246 | Molo Bridge. 


a2 
a2 
ng 
a3 


a3 


a3 


23 


ag 


a3 


a8 


a2 


a3 
a2 
ad 
n2 
s2 
a2 
a3 
al 
al 
al 
ag 


i 


1:2:4 
1:2:4 
1:2:4 
1:2}:5 


1:24:5 
1:23:5 
1:24:5 
18:6 
1:3:6 
1:3:6 
1:3:6 


1:21:55 
1:23:5 
1:24:5 
1:3:6 
1:3:6 
1:3:6 
1:3:6 
1:24:5 
13:6 
1:3:6 
1:2:4 


a Test specimens are 6-inch cubes. 


b Hand mixed. 


2,301 
2,031 
2,529 


1, 209 | 


83: 


1,397 


1,066 


1,308 


843 


1.135 


1,202 


1, 958 
1, 858 
1,891 
1,611 
1,490 
966 
850 
1,228 
1,286 
969 
915 


Do. 
Sand and gravel unscreened; soft water used in mixing concrete; 
Green Island cement employed. 
Unsereened gravel and screened sand used; salt water and Green 
Island cement employed. 
Screened gravel and unscreened sand used; salt water and Green 
Island cement employed, 
Screened sand and gravel used; salt water and Green Island cement 
employed. 
Sand and gravel not screened; fresh water and Green Island ce- 
ment used. 
Gravel unscreened; sand screened; fresh water and Green Island 
cement used. ` 
Gravel screened; sand unscreened; fresh water and Green Island 
cement used. 
Gravel and sand screened; fresh water and Green Island cement 
used. 
Mortar and gravel failures. 
Do. 
Do. 
Mortar failures. 
Do. 
Do. 
Mortar failures: Green Island cement used. 
Do. E 
Salt water used in mixing concrete: Green Island cement used. 
Do. 
Sand and gravel not ecreened; salt water used; Green Island cement 
used, 


* Test specimens are cylinders 8 inches in diameter and 18 inches high. 
“Test specimens are cylinders 3.568 inches in diameter and 7.186 inches high. 
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TABLE 8.—Compressive strength of Portland cement concrete made in 


various parts of the Philippine Islands- Continued. 


| pl Aa 
Result [Mons by erete, in pounds 
E . aged | “Stn per square inch. 
zZ Structure in which concrete was used. or. | ment, Remarks. 
5 | mens rand; Firet- | UIS- 
à PR m. des em 
ILOILO-— continued. ; 
247 | Molo D  ————— een ween een eee e ee! a2] 12:4 396 700 | Sand screened; gravel unscreened; salt water and Green Island 
| ] cement used. 3 
248 Dosis au NAA || 82] 1:24 507 781 | Sand unscreened; gravel screened; salt water and Green Island 
| cement used. i H 
249 Doe EG AG 912 | 1,089 | Sand and gravel screened; salt water and Green Island cementused. | 
250 | Molo Bridge, pier 2 1,769 | Mortar failures, Green Island cement used. 
251 Do. 
252 Do. 
253 | Do. 
254. Do. 
255 ! Do. 
256 Do. 
251 | Molo Bridge........ 
258 | Molo Bridge, pier 6 876 | 1,697! 
259 527 | 1,388! 
260 782 | 1,178! 
261 | 158| 786 | 
262 1,005| 1,178 
263 | 380, 897 | 
264 | v2| 99i 
25| — Do Ti8i 1,100 
| 266 | Molo Bridge sm] 1,232 | 
| eet, 906! 1,429 | 


PLI 
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268 
269 
270 
271 


272 
273 
214 
215 
216 
277 
278 
279 
280 


281 | N 


282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
291 


*1 
a2 
*1 
^1 


"1 
^1 
1 
“1 
“1 
LP: 
ai 
s1 
^1 
*1 
"5 
s1 
a2 
"2 
2 
*2 
”2 
s2 
n2 
22 
s1 
s2 
#2 
=l 
22 
^2 


944 
1,276 
1,193 
1,000 
4,118 
1,021 


1,090 
1,194 
1,090 
2,716 


2, 352 
1,310 
1,561 
1,267 
1,262 
1,394 
1,200 
1,207 
1, 300 
1, 263 
1,299 

593 
1,381 
1,048 
1,227 
1,421 
1,158 
1, 422 
1,845 
1,175 
1,247 
1,406 
1,428 
1,244 
1,473 
1,285 


Mortar failures: experimental mixtures made in the Bureau of 
Science of aggregatea proposed for the construction of Iloilo 
Prison. 

Do. 


5 Test specimens are 6-inch cubes. 


Z 'ST 


bury 


saguBaabby sy pun 03942u07) aurddapyg 


GLT 


TABLE 8.—Compressive strength of Portland cement concrete made in various paris of the Philippine Islands—Continued. 


Compressive 
Propor-lstrength of con- 


° . pes tione by crete, in pounds 
ë aged volume per square inch 
vA Structure in which concrete was used. or. okra: Se nt Remarks. 
Ei ‘mene | sand. | Pirat- | Uia- 
$ broken. gand. crack | mate 
É ‘| stress, | stress, 
i ILOILO—continued, 
298 | Molo Bridge, span4. a2| 1:2:4| 1611) 1,614 
299 a} 1:2:4 | 1076 | 1,234 
300 s4 1:2:4 1,6451 1,700 
ISABELA. " j 
301 | Echague School, piers ....--....-..---._--~-.------------- *2]|] 12:5]..... b596 | Mortar failures; clear lake water used in mixing concrete, 
302 | Echague School, girders. " CP 1789] t285 Do. 
303 | Echague School, footings e2| 12k5]........ b388 | Do. 
804 | Cabagan Farm School, footings . al e2 491 b683 | Mortar failures; well water and Asano cement used. 
305 | Cabagan Farm School, piers... “2 553 1^1, 173 | Do. 
306 | Cabagan Farm School, girders .. ag 827 | P1,172! Do. 
307 | Cauayan Presidencia -........--.---.--------------------- 2 919 | * 1,271 | Mortar failures; water from Malabulig Creek and Asano cement 
| used. 
*2| r2k5] 412! snl Do. 
PN 
el 1:2:4 1.217| 1,217 | Experimental mixture made in the Bureau of Science of aggre- 
gates sent from Jolo. 
310 “1 577) 57 Do. 
LAGUNA. : i 
CDAB.DLD Qe" ——————— al 1:2:4 | 1,278 i 2, 880 | Crushed basalt from upper ledge and basalt screenings used; éx- 


perimental mixtures made at the Bureau of Science of aggre- 
gates submitted for test by U. S. A. Quartermaster. 


9LI 
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312 


San Juan Bridge, abutments... 
San Juan Bridge... suu 


326 


F 
330 | 
331 | San Juan Bridge, footing, abutment A 
332 | San Juan Bridge, main arch rings |... 
333 | San Juan Bridge, footing, abutment A 


335 


? Test specimens are 6-inch cubes. 


^ Hand mixed. 


€ Test specimens are cylinders 8 inches in diameter and 


"o5 o5 5b P op o& 
DEN (Oo n n n we 


a2 


22 


1:2:4 


1.528 ; Crushed basalt from upper ledge and sand from barrio of Mogon- 


don used: experimental mixtures made at the Bureau of Science 
of aggregates submitted for test by U. S. A. Quartermaster, 


2,310 | Fine aggregate composed of equal parts by volume of screenings 


2,214 | 
1,688 | 


825 
2,012 
1,210 ; 
1,841 | 
1,215 

440 
1,217 
1,273 
1,584 
1,220 
1.105 ! 
1.857 
1,167; 
1,309 : 
1, 188 | 
1,209 ' 
1,289 
1,484: 
1.867 | 
1,200 ; 

953 | 


and Mogondon sand; experimental mixtures made at the Bureau 
of Science of aggregates submitted for test by U, S. A. Quarter- 
master, 

Do. 


Crushed basalt from lower ledge and Mogondon sand used; mortar 


failures; experimental mixtures made at the Bureau of Science 


of aggregates submitted for test by U. S. A. Quartermaster, 
Do. 


Sand from the barrio of Bayog used; mortar failures. 


Do. 


Mortar failures: 


Do. 


16 inches high. 


Z ‘St 


bury 
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TABLE 8.—Compressive strength of 


Tracing No. 


Compressive 


Islands--Continued. 


| 
| 
| 


j Propor-'strenzth of con- 
| | Result tions by crete, in pounds 
| aged volume per square inch. 
| Structure in which concrete waa used. or e. im Remarks 
i speci- 
j mens | 2NA, | First- | Ulti- 
‘broken. ene 1 crack | mate 
gravei | stress. , atress. 
; -—— — m a - -— = — 
LAGUNA—continued, 
San Juan Bridge, main arch rings a2 2: 1,636 | 
Do. ani ng 12: 900 
Pagsanjan water tank ce] 2: 200 | Mortar failures: artesian water and Asano cement used. 
si 22: 5795! Do. 
el 223 bgagi Do. 
o ATR E E bee a iei M E IST 23| L24| 1573 { 2,197 ; Experimental mixtures made at the Bureau of Science of aggre- 
; gates used in constructing Barugo School, Barugo. 
LEYTE. 
Guinarona Bridge... z1 | 1:2:4 | 1,585} 1,910 
Barugo School, Barugo. 323: 13:6 108 | 130 | Caballo cement used. 
None. scout 34' 1:2:5| 1,637! 1,989 | Mortar and gravel failures; experimental mixtures made at the 


Tabontabon School, Dagam 


1,894 


1,220 
1, 969 ` 
b251 
b 582 
b917 | 
bere | 
753 
882 
673 


^m 


of Science of aggregates used 
Barugo School, 


Bureau in 


Do. 

Mortar failures; fresh well water used. 
Do. 
Do. 
Do. 

Caballo cement and fresh well water used. 
Do. 
Do. 

Caballo cement used. 


constructing | 


80U2199 fo jouanop owiddinyg oW 
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ag 


1:3:6 i | 
:6 i 98 
1:2:4 | 1, 088 


| 
1:23:65 j 1,596 
1:2:4 830 


t 606 


Do. 


5154 | Mortar very friable and porous. 


b 


51,971 
* 830 


e727 
* 556 
> go5 
b 521 
b843 


| “500 
i 
! 


| e571 
* 761 
b261 
| bus 
P 1,057 
1,974 


2, 627 
1,123 


1:2:4 


1.261 


* Test specimens are 6-inch cubes. 


b Hand mixed. 


3,884 


` 8,058 


"738: 


1,244 | Mortar and gravel failures; Caballo cement and fresh well water 


used, 
Water from Mainit River and Green Island cement used. 
Water from Mainit River and Green Island cement used; mortar 
failures. 
Do. 
Do. 
Mainit River water and Asano cement used; mortar failures. 
Do. 
Mainit River water and Asano cement used; mortar and gravel 
failures. 
Mainit River water and Culebra cement used; mortar and gravel 
failures, 


Do. 
Mortar failures; Caballo cement used. 
Do. 
Caballo cement and fresh well water used. 
Caballo cement and fresh well water used; mortar and gravel 
failures. 
Caballo cement and Hilongos River water used; mortar failures. 
Caballo cement and fresh well water used; mortar failures, 
Caballo cement and fresh well water used: mortar and gravel 
failures. 
Do. 


e'Test specimens are cylinders 8 inches in dixmeter and 16 inches high. 
“Test specimens are cylinders 3.568 inches in diameter and 7.136 inches high. 


* Machine mixed. 
£ Four-ineh cube. 


E 


c 


Tug ‘bury 


adde 


sajubaabby sy PUD 9j040u07) a 


641 


8.—Compressive strength of Portland cement concrete made in various parts of the Philippine Islands--Continued. 


| 


"Propor-! Compressive 
Result ,. -strength of con- 
tions by erete, in pounds: 


e| esed. ; volume per square inch. E 

z Structure in which concrete was uscd. | or, | fient: ECCE Remarks, 

Ei 2 mens | 2n | First- | Ulti- 

3 " broken. gravel. crack | mate | 

af | | stress. | stress. i 

s ES i E v — 
LEYTE—continued. | 

379 | Hilongos Market. | b409 1 Caballo cement and Hilongos River water used; mortar failures. 
380 boos | Do. 
881 b818 | Caballo cement and well water used; mortar and gravel failures. 
382 b601 Do. 
383 » 1,080 Do. 
384 | Hilongos Market (Floor) b3, 383 Do. 
385 Dona aaa >1,719 | Caballo cement and fresh well water used; mortar failures. 
386 | Punong Bridge, Bato. b944 : Caballo cement and river water used; mortar failures. 


387 
388 
389 
390 
391 
392 


393 
894 
395 
396 
397 
398 
399 
400 


Tanauan School, Tanauan. 


> 1,361 | Caballo cement used; mortar failures. 


© 905 | Do. 
b1,273 1 Do. T 
e367; Do. 
b513 Do. ` 
e1321 i Caballo cement and fresh well water used, mortar and gravel 
failures. 


21,153 | Caballo cement and well water used; mortar and gravel failures. 
51,321 | Caballo cement used; mortar and gravel failures. 


81, 616: Do. 

51260, Do. 1 
* 921 | Caballo cement and fresh well water used: mortar failures. 
»i19! Do 


So 1,815 | 


*2,581 : Caballo cement and fresh well water used. 
450 | Caballo cement and fresh well water used; mortar failures. 


aguas fo qpuanof awiddiq IYL 081 
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Babay School, Babay... 


Do 


* Test specimens are 6-inch cubes. 
b Hand mixed. 


*1 15:325 
e2 1:2:4 
£2 1:2:5 
ez 1:2:4 
“31 124 
s3 1:2:4 
*3 1:2:4 
n3 1:2:4 
n3 | 1.2:2:4 
e3 |1.15:2:4 
*2 |1.15:8:6 
s3 1:2:4 
eg | 13256 
s2 | 1.2:2:4 
e2 

e3 

°3 

e3 

e3 

3] 126 
e31 1.2:2:4 
e3 |1.2:24:5 
*3| 12:2:4 


431 
1,075 
V1, 163 
b842 
> 450 


b 907 
818 


58,063 
52,341 
b1, 632 
b1, 656 

^ 903 

b917 
| 5830 
i1, 862 


b 540 
t937 


b878 
51, 608 
b 501 
b 609 
b375 
b694 
*1,081 
51,119 
b 635 


Do. 
Asano cement and fresh well water used; mortar failures, 
Do. 
Asano cement and fresh well water used; mortar and gravel fail- 
ures. 
Do. 3 
Caballo cement and fresh well water used, mortar and gravel fail- 
ures, s ` 
Caballo cement and fresh well water used. 
Do. 
Caballo cement and fresh well water used; mortar failures, 
Asano cement and fresh well water used. 
Asano cement and fresh well water used; mortar failures. 
Do. kd 
Do. E 
Asano cement and fresh well water used, mortar and gravel fail- 
ures, 
Asano cement and fresh well water used; mortar failures, 
Asano cement and fresh well water used; mortar and gravel fail- 
ures, 
Do. 
Do. 
Asano cement and fresh fell water used, mortar failures, 


Do. 
. 


“Test specimens are cylinders 8 inches in diameter und 16 inches high. 


- 
a 
to 
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. 
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TABLE 8.—Compressive strength of Portland cement concrete made in various parts of the Philippine Islands— Continued. 


| RERO P -——-—44-——p o eed * — ES 
H Compressive 
Result PTOP0T strength of con- 
aver- ions byicrete, in pounds 
ó : . aged rper per square inch. 
a t Structure in which concrete was used. anes ! ment, S Remarks. 
£j meng | 2nd, | First- | Ulti- 
Fi ibroken. i and i crack | mate 
a PTEE | stress. | stress. 
EN N T x EY a " NERO MES * ag 
421 Academic Building, Tacloban Trade School e3 | 1:24:56 ........ b600 | Rizal cement and fresh well water used. 
428 e3 i 1:2:4 | 967 |» 1, 125 | Rizal cement and fresh well water used; mortar failures. 
429 *3'12:23:6 5 362| bago Do. 
, 40 «9| 122: 574| P882 | Rizal cement and fresh well water used; mortar and gravel fail- 
! | | ures. 
431 | s3 51,736 Do. 
432 i s3 "2,210 | Caballo cement and fresh well water used; mortar and gravel fail- 
| i | ures, 
433 | Dulag Market.......--------------------------- | e3 1:2:4 751 b919 | Caballo cement and well water used; mortar failures. 
434 | Abuyog Administration Building, Abuyog. 3|- 1:2:4 730 bga] Do. e 
MANILA. i 
| ! a2 (1:1.85:5 1,259 | 1.960 | Alsen cement used; gravel sereened on 4-mesh sieve (0. 209-mesh | 
opening) toremoye sand; sand passed 100% through 4-mesh sieve. 
| Mortar and gravel failures; experimental mixtures at the Bureau | 
: | of Science. i 
a2 1:2.16:5| 1,551 ° 1,878 Do. 
| al 1:2:5 } 1,178 , 2,210 Do. | 
a | a3 1:2.16:5 912: 1,542 | Do. : 
| Philippine f65: #996] | 
430 | Philippine Medical School, roof, floor, east wirg. . 526 ; ¢ 1,048 i 
; 441 | Manila Hotel... er ee eee eee oe kit i 1,019 , Gravel washed but not screened: sand used as delivered. 
412| PM sis} :s2| Do. 


1082, 1.264 | Gravel screened but not washed; sand used as delivered. i 


2909u2198 fo jouanop amddipyA 4L 
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444 | Do. 919, Do. 

445; 981 | Mortar failures. Very fine sand. 

446 | 1,015 Do. 

447 835 Do. 

448 1,616 ! 

449 1,496 | 

450 1,218 | 

451 697 ! 

452 | Fernandez Building......... 573 | 

453 | Warehouse, Calle Roman Soler . 448 | 

454 | Warehouse, Calle Azcearraga.... - 518 ; 

455 | Mariano Uy Chaco Building, walla pi 748 | 

456 Doiic AN 785 | 

457 | Mariano Uy Chaco Building. x 1,140 

458 | Roxas Building, columns... 718 À 

459 667 

460 253 | 

461 563 * 

462 534 | Mortar failures. 

463 300 + Do. 

464 577 Do, 

465 e503 

466 e611 

467 e484 | 

468 | 2, 784 | Experimental mixtures made at the Bureau of Science of aggre- 
| ! l į gates used in Masonic Temple: Green Island cemeat used. 

469 | 32| 124 5... 182,956 Do. 

"a70! Masonic Temple a2 | 376 | Green Island cement used. 

4n| Do 22/1141 '......! 673! Do. 


“Test specimens are 6-inch cubes. 

t Hand mixed. . 

© Test spe ‘meng nre cylinders 8 inches in diameter and 16 inches high. 

å Test spe ‘ens are cylinders 3.568 inches in diameter and 7.136 inches high. 
* Machine ted. 

h Test sp ens are cylinders 6 inches in dixmeter and 6 inches high. 
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made in various parts of the Philippine Islands--Continued. 


` | i Compressive 
| Result IPTOPOF-'strength of con- 
aver- ons by'crete, in pounds 
aged | Volume per square inch. 
Structure in which concrete was used. or | e : 
mens sand. i First | Ulti- 
broken. gravel. | serena. | stress. 
MANILA --continued. 

a2 | 1:14:44 254 

#2 | 1:13: 673 

a2 | 1:14: 254 

b3 | 1:12:35 | 1,199 

b3 | 1:18:4 621 

k2 1:2:4 393 

h2 1:2:5 260 

b3 13: 652 

b3 | 1:1:8} 622 

a3 | 1:24 2,652 

| 

°3 . e434 

*3 ES 161,304 

23 boaria | eon 

2 | 1,258 | e1, 568 

^? 920 | «1,290 

*2| | EZ4 2. | e986 

E 1,105 | e1, 820 

o2 | LE ...-. 1,691 

e2 ! 1,288 [62,008 

2 1,633 | e1, 920 

2 782 501,313 

2 904 :e1,376 


Remarks. 


Dragon cement used. 
Do. 
Do, t 
Do. 

Experimental mixtures made at the Bureau of Science of aggre- 
gates used in construction of bulkheads between piers 3 and 6; 
Green Island cement used. 

Mortar failures. 

Mortar and gravel failures. 

Green Island cement uscd; mortar and gravel failures. 


Rizal cement used. 
Do. 

Rizal cement used; mortar and gravel failures, 
Do. 

Riza! cement used: mortar failures, 
Do. 


78I 
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9889921 


a 


A 


Bulkhead between piera 3 and 5, floor section 8 . 
Bulkhead between piers 3 and 5. 


Do... 
Bulkhead between piers 3 and 5, floor section 9. 
Bulkhead between piers 3 and b, beam 2___. 
Bulkhead between piers 3 and 5, beam 13 .. 
Bulkhead between piers 3 and 5. 


Philippine School of Arts and Trades, roof . 
Philippine School of Arts and Trades, girders 
Philippine School of Arts and Trades......... 
San Jose Building, Culle Rosario.. 
Postigo Building, second floor wall 
Postigo Building, first floor slab .. 


Engineering Laboratory, University of P. L, foundation 
and footings. 

Engineering Laboratory, University of P, L, walls above 
floor. 

Engineering Laboratory, University of P. I... n. ------- 

Spanish Casino. 

Jones Bridge, caisson 


*6 ; 


1:33:7 


“Test specimens are 6-inch cubes, 


b Hand mixed. 


1,050 
1,102 
1,120 
1,122 
856 
742 
127 
458 
316 
675 
848 


e1,147 


*1,246 ; 


91,856 
*1,268 
e929 
e924 
21,288 


e723" 


e393 
162 
1,020 
b1, 394 
b797 
1,061 
b748 
*2,026 
b673 

b 484 
b814 
6751 


b926 


51,251 
bg74 
e431 
e771 


; e1,097 


383 


Do. 

Riza! cement used. 
Do, 
Do. 


Concrete made in the field,,Green Island cement used. 


Culebra cement used. 
Do. 
Onada cement used: mortar failures. 
Green Island cement used. 
Rizal cement used, mortar failures, 
Do. 
Asano cement; mortar failures, 
Rizal cement used. 


Rizal cement used; mortgr and gravel failures. 


Onada cement used. 
Rizal cement used, 
Caballo cement used; mortar failures. 


e Test specimens are cylinders 8 inches in diameter and 16 inches high. 
pt d Test specimens are cylinders 8,568 inches in diameter and 7.136 inches high. 


e Machine mixed. 


b Test specimens are cylinders 6 inches in diameter and 6 inches high. 
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TABLE 8.--Compressive strength of Portland cement concrete made in various 


paris of the Philippine Islands--Continued. 


aver- 


Compressive | 


| 

Propor-!, hof con- 
Result |. ;strength of con 
er. tions by'crete, in pounds! 


s i aged | Volume per square inch. 1 
z | Structure in which concrete was used. or or cor i Remarks. 
EI speci- | Zand’ 
CN mena 
gi broken. |, 8nd 
£ t gravel. 
B 
MANILA--continued, 
521| U.S. Army Quartermaster pier 1, concrete from piles 4 al 1:2:4 j 2,750 | 53,874 | Asano cement used; mortar and stone failure. 
622 | al! 1:2: Do. 
523 | a1; x Do. . 
524 ali p Do. 
525 | et! L2: Do. 
526 al ' 22: Do. 
527 al 1:2:4 | 2,722 | e4, 560 Do. 
528 el. 12:4] 1, 871 | ¢3, 628 ! Do. 
529 | alj L2: | 2,126 |04,699 Do. 
530 s1! 124 |]|........ © 4,080 Do. 
531 al 1:2:4 | 1,568 | P1,941 - Alsen cement used; mortar and gravel failure. 
532 al | 1:2:4 i 1,615 | 54,225 | Alsen cement used; mortar and stone failure. 
533 al , 1:2:4 i 2,248 | ^2, 773 : Do. 
534 arl 12:4! 4,620 154,905, Do. 
MARINDUQUE. ! 
ete i | i 
535 | Tiguion Bridge 16. 1, Gasan a6 5181; Alsen cement used; mortar clearly deficier in cement. 
536 a8 b25] A Alsen cement used; mortar clearly deficit in cement; artesian 
well water used. 
537 a8| 124 | Rizal cement and river water used; mortar and gravel failures. 
538 a3 | 1:2:4 Rizal cement and river water used, mortar failures, 
MISAMIS. | 
589 | Gusa Centra! School, footings al i 1:24:5 | Hemmoor cement used. 
540 | Gusa Central School, walls alj 1:2}:4; Do. 


98T 
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541 : Gusa Centra! School, girders........ .. HA al 1:2:4 |........ 
542 | Cagayan Municipal Market, columns J a2 1:2:4 
543 | None... iles ev oaaao : al) 1:2:4! 
544 | al 1:2:4 
515 4 31] i24! 
545! Casayan Central School....... Lees LLL =e al] 1:25:51 
i MISCELLANEOUS TESTS. | 
LE MU ECT a2] LZ4| 2,271 
ae 
518 a1) ibs | 
519 a2 1:2:4 2,142 
550 ag 1:3:6 | 
b51 2: Y 
i 
a] 
zx a] 
$54 Do.... a} 
a Worse feuds aden MAA 21 
OCCIDENTAL NEGROS. i 
556 | Bridge 0. 10, Pontevedra, La Carlota Road ...... HA el 
557 Bridge 0.4, Pontevedra, La Carlota Road; slab... “1, 
553 Bridye 0.40, Pontevedra, La Carlota Road; slab 5. E ca 
558 Bridge 0.40, Pontevedra, La Carlota Road; stab 7 and | s4 
© abutment ?, 
50 Binalbagan Bridge, Hinigaran _ m Ng 
En e2 i 
562 2 
w3 £2 
xi 2 


^ Test specimens are 6-inch cubes. 
4 Hand mixed, 


| 
i 
| 


922 | Do. g 
2,039 | Mortar failures, 
^1, 868 | Cubes cast in Cagayan de Misamis by district engineer; Caballo 
cement and salt water used. 
51,216 Do. 
51,563 | Caballo cement and fresh water used. 
b548 ! Caballo cement used: mortar failures. 


2,719 : Experimental mixtures made at the Bureau of Scicnce of aggre- 


gates submitted by the U.S. Engineer's office for fortification con- | 


i 
| struction; Atlas cement used; mortar and gravel failures. 
| 


3, 107 Do. 
2,606 Do. : 
1,767! Do. 


829 i Submitted by the Constructing Quartermaster, Fort Mills; Hai- 
i phong cement uaed, 


972 | Do. 
93! Do. 
LiT. Do. 


10i Do. i 


*760 | Haiphong cement and fresh well water used; mortar failure, 
b468, Do. 
t6iTi Do. 
h64U ` Do. 


^641 Asano cement and river water used; mortar failurca, 
bata Do, 


b431 Do. 
B83 Do. 
b560: Do. 


"ct specimens are cylinders 8 inches in diameter and 16 inches high. 


* Machine mixed. 
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TABLE 8.--Compressive strength of Portland cement concrete made in various parts of the Philippine Islands--Continued. 


P Compressive 
mao naa een san 
s aged volume 'per square inch. 
Zi Structure in which concrete was used. or of Ce: Remarks. 
3| mens | Sand, | First- | Ulti- 
8 ibroken, panda, crack | mate 
Š | stress. i stress. 
OCCIDENTAL NEGROS—continued. 
565 | Binalbagan Bridge, Hinigaran CP! 684| 832 | Asano cement and river water used; mortar failures. 
566 | Binalbagan Bridge, Hinigaran, abutments 1 and 2. aQ 416| e552 Do. 
567 | Binalbagan Bridge, Hinigaran.. 2 543| e651 Do. 
568 Do...... E cose e2 490 e 532 Do. É 
569 | Binalbagan Bridge, Hinigaran; abutments 1 and 2. e2 412 | e570 Do. 
570 | Bridge 36. 5, Bago; abutment 2... e2 673 b884 
571, Bridge 36.5, Bago; abutment 1.. °2 690 b788 
672 «2 733 b839 
573 | Presidencia, Bago, foundation and wall og 435 * 681 | Caballo cement and artesian water used; mortar failures. 
574! Presidencia, Bago; first floor... o2 342| 5467]. Do. n 
575 | Presidencia, Bago; second floor _ sa! 1:24]... b1,316 Do. 
576 | Bridge 42,0, Pontevedra e2 774 5916 | Green Island cement and river water used: mortar failures, 
577 Do. ace — = s3 T b794 Do. : 
578 | Bridge 42.0, Pontevedra; second north abutment.. e2 aa I b799 Do. ki 3 
579 | Sumag Bridge, Bacolod, abutment.... e2 1,380 | 1,532 | Rizal cement and well water used: mortar failures, 
530 | Sumag Bridge, Bacolod; first pile cap... e2 808 j b1,030 Do. 
581 | Sumag Bridge, Bacolod; second pile cap s2 614: 6851 Do. 
582 | Sumag Bridge, first girder span e2 943 | 51,063 Do. 
583 | Sumag Bridge e2 zv -| 51,047 Do. 
584 | Sumag Bridge, gutter e2 j b756 Do. 
585 Í t i EEEIEE ET AG e2 b606 Do. 
586 | Sumag Bridge, fifth girder span e2 1,018 |P1,114: Rizal cement and well water used; mortar and gravel failures. 
581 | Sumag Bridge, abutment e2 1,234 | 51,441 Do. 


881 


90uog Jo punos amddiyd UNA 


[261 


689 


605 


608 


| Sumag Bridge, slab 


Sumag Bridge, wing wall... 


ORIENTAL NEGRO: 
None... aaa 


Amblan River Bridge, abutment B. 
Amblan River Bridge, abutment A. 


Amblan River Bridge, bridge seat abutment A 


Amblan River Bridge, pier 4 
Bais Bridge 


NUEVA ECIJA, 


Guimba Market, Guimba .. 


PALAWAN. 


MA AAP NA RAYA a1 1:2:4 


joo #2] 12:4, 
e2 1:2:4 
Bi i | 
—— ng 1:24, 
; i 
i 
ng 


a] 
nj 
EEN EPA EAT i *1. Ll24 


a Test specimens are 6-inch cubes. 
* Hand mixed. 


1,018 | 


1,222 


1,930 i 
1.607 : 


b992 
b 1,290 


2,004 


1,421 
2.171 
2,104 


Rizal cement and well water used; mortar failures. 
Rizal cement and well water ueed; mortar and gravel failures. 


Experimental mixtures made at the Burenu of Science of aggre- 
gates proposed for Amblan River Bridge; Green Island cement 
used; mortar failures. 

Do. 
Do. 
Do. 


Li 
Rizal coment and Bais River water used; mortar failures, 
Do. 


Rizal cement and well water used, mortar failures. 


Experimenta! mixture made in Bureau of Science of aggre- 


gates coming from Coron, and proposed for Coron wharf, mor- i 


tar and gravel failures. 


Mortar and gravel failures; experimental mixtures made at the 
Bureau of Science of aggregates proposed for construction at 
Camp Stotsenberg. 


€ Test specimens are cylinders 8 inches in diameter and 16 inches high. 


* Machine mixed 
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TABLE 8.--Comparative strength of Portland cement concrete made in various 


parts of the Philippine 


Islands-—Continued. 


| | iPropor-| Baa Pel 
Result tions byjcrete, in pounds! 
é ! aged volume per equare inch, | 
Bi Structure in which concrete was used. or. fient - Remarks. 
: [mens | Sted’ | Ping: Unc 
E j Toen gravel. | stress. ; stress. 
—|-—-—-.--— c e de Baa eaten beer pad | j 
H PANGASINAN. 
609 | Bayaoas Bridge 730 
610 1,646 | Mortar failures. 
611 1,268 . 
612 1,898 Do. 
613 1,778 Do. 
614 1,717 Do. 
615 | Panta! Bridge, piles a 1,500 Do. 
616 | Pantal Bridge, east abutment... 864 Do. 
617 1,710 
618 | 1,384 " 
RIZAL. | i 
619 | Angono Bridge, Binangonan......... Lecco cL cL lscLssr- 1 e2 12:4 490! 5558 | Rizal cement and river water used; mortar failures. 
620 ; Rd 925 188 |... b397 Do. 
621 Jo st) 196; 756] 2857 Do. 
622 | en} 1:26] 616; e696] = Do. 
623 | Angono Bridge, Binangonan, arch ring 2 eg! 0124 927 |*i,521 Do. 
624 Doce aag e2! a24] c81 101,181 Do. 
625 | San Juan presideneia, San Juan del Monte .... , e2 1:2:5 B14? b654 j Do. 
626 : Bilibiran Bridge, Binangonan pier. " s2 1:3:6 066 ; b997 | Do. 
627 | Bilibiran Bridge, Taytay pier_....-....-.-.-------------- e2. 19: | 787 |"1,091 Do. 
SAMAR. | i 
| 628 | Bridge 0.7, Calbayog North and South Reads, slabs 21:1:2:4| 1,792 | 1,903 | 


&nd girder spans 1 and 2. 


p 
© 
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ouidd 
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629 


| 630 


635 


631 
638 


Bridge 0.7, Calbayog North and South Roads, pile cap, : 
abutment 1. 
Bridge 0.7, Calbayog North and South Roads, pile cap ! 
and internal bents 1 and 2. 


Bridge 0.7, Calbayog North and South Roads, pile | 
abutment 2, internal bent 4. 


Calbayog North and South Roads, slabs 
and girders, span 3. 

Bridge 4.3, Calbayog North and South Roads, pilecap, 
&butment 1, bent 1. 

Bridge 19.4, Calbayog North and South Roads, piles.. 


Bridge 19.4, Calbayog North and South Roads, 
abutment 2, Ilo Bridge. . ; 

Bridge 19.4, Calbayog North and South Roads, Ilo | 
Bridge. 

Bridge 19.4, Calbayog North and South Roads, llo 
Bridge, slabs 1,2, and 3. : 

Bridge 8.9, Calbayog North and South Roads, North 
&butment, Arapison Bridge. 

Bridge 8.9, piles, Arapison Bridge 


Bridge 8.9, slabs and girders, Arapison Bridge ......--. | 


Bridge 9.6, Sorsogon Pridge_.__..---. -----------+-------- 
Bridge 9.6, piles, Sorsogon Bridge 
Bridge 9.6, slab girder 1, Sorsogon Bridge... 
Bridge 9.6, slab girders land 2, Sorsogon Bridge -----~-- i 


22 
ad 
al 
s1 


alj 


al 
ag 


a Test specimens are 6-inch cubes. 


b Hand mixed. 


* Test specimens are cylinders 


* Machine mixed. 


8 inches in diameter and 16 inches high. 


Mortar failure. 


Mortar failures. 


Mortar failure. 


Do. 


Mortar failures. 


Do. 
Mortar failure. 
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TABLE 8. Comparative strength of Portland cement concrete made in various parts of the Philippine Islands—Continued. 


| Ernon gece oes 
D Result tions bylerete, in pounds ! 
E a aged (volume per square inch. 
zZ Structure in which concrete was used. or. of ee - EE a Remarks. 
E f Meng | sand. | First- | Utti- 
a broken.| 9^d | crack | mate 
5 | gravel. | Stress. | stress. 
i - x " EAA = im 
SAMAR—continued. 
648 | Bridge 9.6, Calbayog North and South Roads, slab | ali1:2:4| 1,4422 | 1,581 | 20 per cent water used in mixing; mortar failure. 
girders 1 and 2. i | 
649 Do.. | al | 1:2:4! 678! 294 | 22.5 per cent water used in mixing; mortar failure. 
650 al|1:2:4i 1,072 | 1,122 | 25 per cent water used in mixing; mortar failure. 
651; a6 ,1:2:4 21.5 per cent water used in mixing; mortar failure. 
652 al | 1:2:4 30 per cent water used in mixing; mortar failure. 
653 al | 1:2:4 82.5 per cent water used in mixing; mortar failure. 
654 21|1:2:4 25 per cent water used in mixing; mortar failure. 
655 | Bridge 20.1, 11-meter piles -...-...-.--.---------- 2411:2:4 Mortar failures. 
656 | Bridge 8.1, Guinobatan-Jovellar Road, arch . 23 1:2:4 
657 ! Culvert, Catbalogan North Road._..°._......--..---- ---- i e2: 1:2:4 Fresh well water and Onada cement used; mortar failures. 
658 Dod cci M^ aM D AR :2] 1:3:6 Do. i 
659 | Culvert, Catbalogan South Road .. c2 | 1:2:4 Fresh well water and Caballo cement used; mortar failures, 
e2; 1:3:6 Do. 
e2} 1:2:4 Do. 
02'1:3:6 Do. 
72, 1:2:4 Fresh well water and Asano cement used; mortar failures. 
*2|1:8:6 | Do. . 
*2]1:2:4 i 783 * 1,212 | Caballo cement and well water used. 
e2 | 1:3:6 ..———— ^83| Do 
54 11:2:4 | 1,685 | 2, 168 Do. 
egbaa l... T) saei "De. 
-02i 1:3:6 »3s8 i Do. 
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670 


TAYABAS. 


52,080 
b739 


b961 


b837 
b631 
b654 
51,016 
b 931 
b432 
b 592 


b528 
b642 
5416 
^ 564 
5570 


Bridge 14, Pagbilao, Atimonan Road ...........—.....---- i 11] 1:2:4 831| 619 


11 1:25:51 438 612 
mE] 1:3:6 200 230 
eee 169 329 


a Test specimens are 6-inch cubes. 
* Hand mixed. 


b633 3 
| 


Do. 


Onada cement and fresh, clear well water used;both cubes failed 
by splitting at right angles to bearing surfaces; mortar aud 
gravel failures, 5 

Do. 

Ovada cem nt and well water used, 
Do. 
Do. 
Do. 

Asano cement and well water used. 
Do. 


Asano cement and surface well water used; mortar failures. 
Do. 


Mortar and gravel failures; the gravel is very soft and the con- 
crete contains considerable quantities of shell debris. ~ 
Do. d 
Mortar failure; concrete contains much clay. 


c Test specimens are eylinders 8 inches in diameter and 16 inches high. 


| Test specimens are 4-inch cubes. 


m Test specimen is a prism 32 by 32 by 5% inches. 
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TABLE 8.—Comparative strength of Portland cement concrete made in. various parts of the Philippine Islands—Continued. © 
I z 
Eg | tesute Proper utere et ven 
patol, ‘tions by crete, in pounds’ 
ig aged paame ner square inch.: x | 
NG Structure in which concrete was used. B o ment, jm ——| Remarks. | 
i mens H gang. | First- | Ulti- | 
E BU gravel | giese, tea u "3 
| - IIS 8 mag ase Miss i -—- Bees py 
TAYABAS--Continued. ! i | 3 
690 | | | 1,880 | 4 EN 
691 | 561 | a” 
eo 826 | = 
693 b428 ` Rizal cement and brackish water used: mortar failures. 3 
MS la: b759} Do. NG 
695 -— : *533j Do. S 
| i = 
! TARLAC. K | | 3 
25|1:2:4| 1,460] 2,402 8, ^ 
^»611:2:4: 1,046 o i 
1601 1,515 ^ i 
23,1: 1,025 ta f 
ZI | 887 Ss. | 
s31 1 1,212 2 j 
| r e 
ZAMBALES, | | & 
702 | Yamot Bridge, abutment 1___......_.22..2222..2..------ *2|1:2:4 i 334 | 459 | Mortar failures. | 
103 | Yamot Bridge, intermediate span 1. *2]| 1:2:4 j 311 | bit Do. | 
704 | Yamot Bridge, intermediate span 2. *2|1:2:4 E 260 | 390 Do. i 
105 | Yamot Bridge, end span . *2 1:2:4i 533 | 1.067 Do. i 
706 | Candelaria Bridge. i *1|1:2:4 i 571: 9846 | Caballo cement and Yamot River water used; mortar failure. | 
707 ids. (0 0*1|1:2:4; — 723 (51,856 Do. | 
708 621 1:2:4 g 563: 5872 | Onada cement and Yamot River water used; mortar failures. i 


1661 


] | ZAMBOANGA. : j 
| 709 | Zamboanga Waterworks . | e2 | 1:2:4 |... ' 
| | | | mortar failures. 

no | | rg! do | 809| 843} Do. 
| m | | e2| do | 810 

i ! mortar failures. 

"12 j e2 | do | 722 b760 Do. 

BARAN PAA Paran PAA NGO Baal a NG - Hv Qe: EM Za 


a Test specimens are 6-inch cuhes. 
b Hand mixed. E: : T : 
“Test specimens are cylinders 8 inches in diameter and 16 inches high. 


$792 | Haiphong cement and clear water from Santa Maria canal used; | 
i 


*927 | Caballo cement and clear water from Santa Maria canal used: 


5'81 


bury 


. 
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2 gives test data on three Bataan sands, all of which are too 
fine for high-grade conerete work. 


BATANGAS 


Tests of concretes coming from Batangas Province are anom- 
alous. The two series of results obtained from 6-inch cubes 
made of concrete used in Obispo Bridge have practically the 
same values, 1,115 and 1,097 pounds per square inch, respec- 

.tively, though the mixtures are apparently differently propor- 
tioned, the specimens being marked 1:2:4 and 1:3:6, re- 
spectively. It is impossible to explain these irregular results, on 
account of the scanty data available. This laboratory has made 

. no test of Batangas sand or gravel. It is not improbable, how- 
ever, that these two series of specimens were made from the 
same batch of concrete, and were subsequently marked as shown 
in Table 8. Considering the age of the specimens in the first 
four series (57 days), these concretes must be classed as poor. 
The two tests of concrete from Matayuanoc Bridge indicate a 
very inferior product. 

BOHOL 

Disregarding the small differences in age of the concrete spec- 
imens made in Bohol, the compressive strengths average 777, 
843, and 507 pounds per square inch forthe1:2:4,1:2.5:5, 
and 1:3:6 mixtures, respectively. The 1:2.5 :5 mixtures 
average stronger than the richer 1 : 2 : 4. No information was 
sent to this laboratory concerning the source and kind of ag- 
gregate used in these specimens, but the débris remaining at 
the conclusion of the compression tests showed that the sand 
and gravel were of poor quality; the gravel was very soft, and 
some of it was covered with green algae which prevented good 
bonding. The sand was fine and dirty. All of these tests were 
made during 1910. Since that time the Bureau of Science has 
received no concrete specimens from Bohol. Three sands tested 
during 1917 and 1918 gave poor results; the grains are fine 
and soft and contain much shell and coral debris. Mortars made 


from these inferior- sands range in tensile strength frem 
28 to 63 per cent of that of Ottawa sand mortar. It is clear 


- that Bohol concrete aggregates are of inferior quality and unfit 
for high-grade concrete construction. 
BULACAN 
As a whole, concrete aggregates from Bulacan are better than 
the average, and they have given excellent results in the labo- 
ratory, though the field tests are too low. Pulilan and Bocaue 
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River sands particularly, as Table 2 shows, are coarse and have 
a desirable granulometrie composition. The sand used in the 
construction of Santo Nifio Bridge, although rather fine, never- 
theless gave an excellent result in the 1:2 : 4 field specimens, 
which averaged 1,574 pounds per square inch. However, field 
specimens, particularly the 1:2 : 4 mixtures, show lower com- 
pressive strengths than the corresponding concrete specimens 
made in the laboratory. The results of laboratory-madel : 2 : 4 
conerete average 2,158 pounds per square inch, and the corres- 
ponding field-made specimens average only 895. The difference 
in strength of field and laboratory 1:3 : 6 concrete is not so 
great; specimens of this mixture made at the Bureau of Science 
average 988 pounds per square inch, and those made on the 
building site, 692. No 1:2.5:5 or 1:2:5 mixtures were 
made in the laboratory; those fabricated in the field average 
557 and 702 pounds per square inch, respectively. In general 
concrete from Bulacan is fair in strength, and in one case the 
results are very good. With the aggregates available, better 
field results should have been obtained in the case of the 1 :2 :4 
mixtures. It is reassuring to note that all of the long-time 
tests (90 and 181 days) show substantial increases over the 
28-day tests. 
CAPIZ 

Two distinctly different series of results for each of the two 
groups of 1:2:4 and 1:38 : 6 concrete specimens are charac- 
teristic of the tests from Capiz. The 1:2 :4 specimens from 
Ivisan and Pilar Schools and from Libas Bridge average 527 
pounds per square inch, which is about one-third of what con- 
crete of this proportion should test at 28 days. These low 
results are due to the use of fine, dirty sands from Ivisan and 
Panay Rivers and from Pilar beach. The 1:3 : 6 mixtures in- 
volving these sands also give low strengths and average 349 
pounds per square inch. The lowest result recorded in this 
paper was obtained from a concrete specimen coming from 
Ivisan School, and has a value of only 97 pounds per square 
inch. Preliminary tests and the exercise of judgment could 
have prevented the use of these sands for concrete work. In. 
sharp contrast to these low compressive strengths are those 
obtained from specimens cast of concrete used in the construc- 
tion of Balucuan Bridge and the Capiz water tank. The1:2:4 
results from these structures are close together and average 
1,427 pounds per square inch. The compressive strength of the 
1:3:6 specimens from Balueuan Bridge average 917 pounds 
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per square inch, which is practically three times as high as the 
strength of the other 1:3 : 6 mixtures from Capiz Province. 
Table.2 shows that the sand used in the construction of Balu- 
cuan Bridge is coarse, and yields a mortar nearly as strong 
as that made of standard Ottawa sand. The high compressive 
strengths of the concretes just cited are due largely to the 
coarse, clean sands used. 
CAVITE 


Compressive strengths of concrete 'specimens from Cavite 
show a wide degree of variation. Tests of 1: 2:4 cubes from 
Tabon Bridge average 656 pounds per square inch, which is 
poor for this class of concrete. The first lot of specimens from 

. Cafiacao Bridge made of hand-mixed concrete shows still lower 
strengths and averages 488 pounds. These results were ap- 
parently alarming, for the next lot of specimens sent to the 
Bureau of Science show great improvement, having been made 
'from machine-mixed concrete; they give the excellent average 
of 1,868 pounds per square inch. Toward the end of the con- 
Struction, machine mixing was abandoned and the Specimens 
were again made from hand-mixed concrete, the compressive 
strength of which is only 1,048 pounds per square inch. The 
same aggregates were used throughout, so that machine mixing 
at first glance seems to account for the high strength. Caution 
must be used in drawing this conclusion, however, because 
details of proportioning are lacking, and it is not improbable 
that on account of the crude methods of measuring aggregates 
in the field, more cement was used in one case than in the other. 
Concretes mixed in the materials testing laboratory of the Bu- 
reau of Science give higher average results than do field-mixed 
specimens. The 1:2:4 laboratory mixtures average 2,251 
pounds per square inch. Field specimens proportioned 1:3 : 6, 
| aged between 31 and 36 days, average 495 pounds per square 
inch, which incidentally is higher than the lowest result already 
discussed in the 1:2 :4 series. The mixture 1:15:45 was. 
used rather freely in constructing Cafiacao Bridge, and the re- 
sults obtained from these test Specimens show extraordinary 
variation. The highest average result in this series is 2,203 
pounds per square inch, and was obtained from machine-mixed 
concrete, the lowest, 609 pounds per square inch, was given by 
specimens made from hand-mixed concrete. The entire group 
of results obtained from 1:1.5: 4.5 concrete specimens gives 
the good average of 1,819 pounds per square inch. Careful 
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work would certainly have resulted in more uniform results. 
Table 2 shows that two of the three sands submitted from Ca- 
vite are excellent, and the other is good. Suitable aggregates 
for concrete work are available in Cavite Province, so that with 
proper supervision high-testing concrete ought to be the rule. 


CEBU 


With the exception of the results obtained from Naga River 
Bridge specimens, the compressive strengths of Cebu concretes 
are excellent. Excluding the low Naga River Bridge results, 
and averaging the remaining field compressive Strengths ob- 
tained from 1:2:4 concrete specimens having ages between 
26 and 28 days, a mean is obtained of 2,091 pounds per square 
inch, which exceeds by 37 pounds the average compressive 
Strength of the 1 : 2 : 4 concrete specimens made at the Bureau 
of Science. The field-made 1:3 :6 specimens average con- 
siderably higher than laboratory-made test pieces; these results 
are 1,229 and 1,032 pounds per square inch, respectively. How- 
ever, the extraordinarily high average result of 2,183 pounds 
per square inch, gotten from the four 1:3 : 6 field specimens 
representing concrete that was used in the west abutment of 
Magallanes Bridge, October 15, 1911, should be viewed with 
suspicion. The probability that the specimens were mislabeled 
(1:3:6 for 1:2:4), or that there was an accidental increase 
in the quantity of cement used, should not be excluded. By 
ignoring this doubtful high result, the average of the remaining 
1:3:6 specimens aged 26 to 27 days is reduced to 753 pounds 
per square inch, which compares favorably with the average of 
1,032 pounds obtained from the laboratory-made specimens. 

It is interesting to note the great divergency in the com- 
pressive strengths of two lots of specimens coming from Sibonga 
Bridge. Both series of results were obtained from 1 : 8 : 6 con- 
crete of practically the same age and made of the same aggregate, 
yet one average result is twice that of the other; the compressive 
strengths are 1,002 and 503 pounds per square inch, respectively. 
Such diserepancies are not uncommon in the data published in 
this paper and detract not a little from the reliance that can 
be placed on these tests. As Table 2 shows, tests of sands from 
Cebu are fragmentary; no compression tests of mortars were 
made, but the tensile strength of 1:3 mixture shows that Ma- 
nanga River sand is an excellent concrete aggregate, whereas 
the other three are of only fair quality. 
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COTABATO 


All of the concrete specimens coming from Cotabato were 
tested at ages ranging from 33 to 77 days, the majority being 
over 50 days old. Cotabato is located south of Manila a distance 
of several days by steamer, and transportation service between 
the two points is not always regular, so that considerable time 
is required for specimens to reach Manila. Delay during transit 
explains the age of the test pieces. Taking into consideration 
the time that elapsed between the date of manufacture and the 
date of rupture of these specimens, it will be seen that concrete 
from Cotabato ranges from poor to fair. The two 1 :3 : 6 spec- 
imens made August 18, 1916, from concrete used in the con- 
struction of Cotabato Public Hospital, average 373 pounds per 
square inch, which is pretty low. Linuac sand used in these 
cubes is fine-grained, as Table 2 shows, and one would expect 
a low-testing mortar, but two series of laboratory tests made at 
two different times, separated by an interval of two years, 
show that the 1 : 3 mortar is in both cases of practically the same 
strength as is standard Ottawa sand mortar. The unsatis- 
factory results obtained from this concrete are therefore not due 
to poor aggregate but are very likely due to incorrect propor- 
tioning of ingredients. 

ILOCOS NORTE 
Compressive strength results given by concrete specimens 
.coming from Ilocos Norte are so extremely erratic and in- 

consistent that careless field work is clearly evident. The 
strength of the 1:2:4 test pieces made of concrete used in 
repair work on Gilbert Bridge show a startling variation. The 
minimum value is 714 pounds per square inch and the maximum 
3,111. Concrete used in Badoc School possesses more or less 
the same variability. The 1:2.5:5 results vary from 484 to 
887 pounds per square inch. - Results like these are of little value. 
By the exercise of due supervision during the proportioning 
and casting of concrete such freakish results can be obviated. 


ILOCOS SUR 


The few tests made of concrete cast in Ilocos Sur are charac- 
teristically irregular. Mixtures proportioned 1 :2 : 4 and aged 
33 to 37 days gave average ultimate compressive strengths 
ranging between 777 and 1,384 pounds per square inch, and. 
two test specimens from Vigan Central School, at the age of 
57 days, failed at even lower strengths, the average being 617 
pounds per square inch. Specimens made of the rich 1 : 1.5 :3 
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mixture used in the Singson Waterworks gave anomalous re- 
sults, the average compressive strength being lower than that 
shown by either of the leaner mixtures (1:2:4and 1:83: 6). 
Since no preliminary laboratory tests were made of the aggre- 
gates employed in Ilocos Sur coneretes, it is impossible to hazard 
an explanation of these abnormalities. 


ILOILO 


All of the one hundred fifty-six tests of concrete listed under 
Iloilo in Table 8 were obtained from specimens made in con- . 
nection with the construction of Molo Bridge. Nine of these 
results were gotten from laboratory-made test pieces, and the re- 
mainder from field-cast specimens molded during the period Jan- 
uary 9 to September 30, 1911, so that ample data are available 
on this structure. More than ordinary eare was apparently 
observed in the erection of this bridge. Before beginning the 
fabrication of concrete, the district engineer sent samples of 
several aggregates to the materials testing laboratory during 
November, 1910, for preliminary examination, and mixing of con- 
crete was begun in January, 1911, of aggregates that had given 
the best laboratory results. These steps are shown in Table 8 
under Iloilo. In general all of the field tests show very good 
results, they are fairly high and uniform. The1:2:4 speci- 
mens ranging in age between 28 and 34 days average 1,344 
pounds, whereas the corresponding laboratory-made test pieces, 
having an age that varies between 28 and 31 days, average 
2,223 pounds per square inch. However, this catena of results 
taken as a whole is not free from puzzling anomalisms. For 
instance, as stated before, the 1 : 2 : 4 specimens aged between 
28 and 84 days give a mean compressive strength of 1,344 
pounds per square inch, while the group of 1 : 2 : 4 results from 
specimens next in age, varying between 36 and 41 days, actually 
show a decrease in compressive strength and average 1,184 
pounds per square inch. The remaining results in this 1 :2 :4 
series average 1,275 pounds per square inch for those having 
ages between 48 and 50 days, and 1,348 for those aged 57 to,, 


60 days; the last result is practically the same as that given". 


by the youngest specimens. The same irregularity is found in 
the results obtained from the 1 : 2.5 : 5 and the 1 : 8.: 6 speci- 


mens. The former series gives averages of 1,098 pounds per Ta 
square inch at 25 to 28 days, 1,657 pounds at 34 to 40 days, and ” 


1,408 pounds at 41 to 45 days; the latter series shows 1,068 pounds ` 
per square inch at 28 to 35 days, 1,076 pounds at 41 to 51 days, 
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and 1,556 pounds at 58 to 59 days. It is interesting to note 
that there is practically no difference in the average compres- 
sive strength of the youngest specimens in the 1 : 2.5 : 5 and the 
1:3 :6 series, these showing 1,098 and 1,068 pounds per square 
inch, respectively. With increasing age both give higher re- 
sults than the richer 1:2:4 series of corresponding ages. 
Briquettes made of the four Iloilo sands in the proportion of 
one part cement to three parts sand all give good tensile 
strengths. Table 2 shows that the 1 : 3 Iloilo sand mortars at 


- 28 days are, respectively, 79, 91, 95, and 105 per cent as strong 


as the corresponding Ottawa sand mortars. 
ISABELA 

Compressive strengths of concrete specimens from Isabela 
arelow. The results given by test pieces coming from Echague 
School are consistent in that the 1:2:4 specimens are the 
strongest, and the 1 : 2.5 : 5 the weakest, the 1 : 2 : 5 coming be- 
tween. On the other hand there is very little difference be- 
tween the average strengths of 1:2:4 and 1:2 : 5 specimens 
coming from Cabagan Farm School which are aged 71 and 79 
days, respectively. No laboratory mixture of concrete made of 
Isabela aggregates was tested, nor has this laboratory ever re- 
ceived either sand or gravel from this province for test. 

JOLO 

Only two tests, both of laboratory-made mixtures, were made 
of concrete composed of Jolo aggregates. No field specimens 
from this province have ever been tested at the Bureau of 
Science. Both results, as Table 8 shows, are low and unsatis- 
factory, due largely to the fine, soft, coralline beach sand. 
These and similar aggregates, which occur abundantly in the 
Philippines, should under no circumstances be used in concrete 
work. 

LAGUNA 

Results obtained from Laguna field-made test specimens, 
proportioned 1 :3 : 6 and having ages ranging between 30 and 
39 days, show a higher average compressive strength than do: 


ny those proportioned 1 : 2 : 4 and aged 28 to 33 days; the respec- 


tive figures are 1,180 and 1,075 pounds per square inch. Field- 


t made 1 :2 :4 test pieces aged 35 to 40 days average 1,266 pounds 
| per square inch and are therefore not much better than the 
‘younger, 1:3:6 specimens. Disregarding possible errors, 
`: these results show that the 1:2 :4 mixture is uneconomical, 


since the leaner mixture gives practically the same mean 
strength at a lower cost per cubic meter. The 1:2.5:5 field 


igaya 
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specimens gave an average result of 1,521 pounds per square 
inch, which is higher than either of the average results obtained 
from the 1:2:4 or the 1:3:6 Specimens.made in the field. 
Average results obtained from laboratory-made specimens are 
in each case higher than the corresponding mean values given 
by test pieces made on the building site; 1 :2 : 4 results aver- 
age 2,103 pounds per square inch, and 1:3 : 6 results average 
1,483. Most of the test pieces coming from Laguna were made 
of concrete used in the construction of San Juan Bridge; no 
information was sent to this laboratory regarding the source of 
the aggregate employed in this structure. The 1 :3 :6 and the 
1 :2.5 : 5 mixtures gave excellent results, whereas the 1:2:4 
mixture gave only fair values. Laboratory tests made of 
Pagsanjan sand gave excellent results, but the concrete made in 
the field with it (for the construction of the Pagsanjan water 
tank) in one instance gave the very poor strength of 200 pounds 
per square inch. Careless manipulation apparently accounts for 
this extremely low result. 


LEYTE 


Compressive strengths of concrete used in the building of 
'Leyte structures are strikingly incongruous, low, and aber- 
rant. Results obtained from 1:2 : 4 specimens aged 28 to 31 
days vary between the wide limits of 177 and 1,556 pounds per 
square inch. The extremely low average of 177 was obtained 
from three specimens made August 2, 1915, of concrete used in 
constructing Tabontabon School, at Dagami, Leyte. Since the 
Tabontabon River sand used in this concrete is of excellent 
quality, as Table 2 shows, the ridiculously low compressive 
strength is probably due either to faulty manipulation during 
mixing and casting, or to incorrect proportioning of cement, 
or to both causes. There are several other low values in this 
series of 1:2:4 mixtures; the three specimens from Ormoc 
Market, cast August 19, 1915, gave compressive strengths that 
average 261 pounds per square inch, and those from concrete 
cast September 30, 1915, and used in Tanauan School average 
450. A grand average of the mean values given by the1:2:4 
specimens having ages between 28 and 31 days gives 907 pounds 
per square inch as compared with 1,989 pounds obtained from 
1:2:4 specimens made at the Bureau of Science August 4, 
1915, of fine beach sand and Baluguhay River gravel. Field- 
made 1:2 :4 test pieces aged between 35 and 41 days average 
1,874 pounds per square inch, and those aged between 47 and 
55 days average 1,809, thus showing appreciable increase in 
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strength with advancing age. Cognizance by those in charge of 
construction was apparently taken of the poor results given by 
the 1:2:4 mixture, and an effort was made to increase the 
ultimate compressive strength of the concrete by increasing the 
quantity of cement some 15 per cent. The average result ob- 
tained from the 1.2 :2 : 4 specimens at 29 to 31 days is 1,512 
pounds per square inch, and that of older Specimens in this 
series, aged 35 to 48 days, is anomalously lower, being 1,225 
pounds per square inch. Mixtures proportioned 1.15 : 2 : 4 and 
aged 29 to 34 days gave better results, showing a mean value 
of 1,841 pounds per square inch. Increase in the quantity of 
cement gave higher results at the end of 28 to 31 days than did 
the 1:2:4 mixture; but at later periods the results given by 
richer mixtures are practically the same as, or less than, those 
obtained from the leaner mixtures. Comparatively few tests 
were made of 1:2:5 and 1:2.5:5 mixtures, Results ob- 
tained from test pieces made of 1 :2 : 5 concrete aged 29 to 35 
days average 821 pounds per square inch, and those given by 
1:2.5 : 5 specimens aged 28 to 33 days average 1,296, which is 
much higher than the results given by 1:2 :4 specimens of 


similar ages. Increasing the percentage of cement in this series. 


to yield the mixtures 1.12 :2.5 : 5 and 1.2 :2.5 : 5 gives such 
anomalous results as to lead one seriously to question the methods 
of proportioning employed. Increased cement content should in- 
crease the compressive strength of the concrete, but the re- 
sults actually obtained are lower. The 1.2 :2.5:5 specimens 
aged 28 to 33 days average 810 pounds per square inch, and the 
1.12 : 2.5 : 5 test pieces aged 28 to 35 days average 666. 

A consideration of the values secured from the 1 : 3:6 speci- 
mens discloses some of the lowest compressive strengths recorded 
in this paper, the lowest result, 97 pounds per square inch, being 
obtained from 1 : 3 : 6 concrete made in Capiz. Concrete from 
Barugo School averages 130 and 251 pounds per square inch; 
that from Tabontabon School, 154 pounds; three specimens from 
Ormoc Market, 118 pounds; and some test specimens made of 
concrete used in Hilongos Market gave a mean compressive 
strength of 295 pounds. These results are rather disquieting; if 
the concrete in the test specimens is representative of that 
actually used in the respective Structures, failures may be ex- 
pected. The grand average of 444 pounds per square inch is ob- 
tained from the values given by the 1:3:6 specimens aged 27 
to 31 days; with aging there is a substantial increase of strength, 
specimens of this mixture aged 37 to 47 days showing an aver- 
age of 926 pounds per square inch. An increase in cement con- 


x 


TSAKA 


18,2 King: Philippine Conerete and its Aggregates 205 


tent gave, with one exception, much higher results; at 28 to 32 
days the 1.12 :3 :6 Specimens averaged 979 pounds per square 
inch, and the 12:3:6 test pieces at 77 days, 1,974. In general 
the poor results given by concrete made in Leyte are due to the 
fine-grained sands. The unconformable and inconsistent nature 
of the compressive strength values is very likely due to faulty 
proportioning of cement and aggregates. 


MANILA AND VICINITY 


Most of the concrete specimens made in Manila were marked 
Wis 4: and these, like specimens coming from other provinces, 
gave widely variant compressive strengths. Test pieces aged 25 
to 34 days gave minimum and maximum values of 393 and 2,093: 
pounds per square inch, respectively, and a mean compressive 
strength of 1,016 pounds per square inch; the latter value is fair. 
Aging increases the strength very little; in fact, the average com- 
pressive strength given by test pieces aged 52 to 61 days is 1,222 
pounds per square inch, which is practically the same as the mean 
value of 1,292 pounds obtained from specimens aged 36 to 49 
days. Laboratory-made 1 32:4 specimens gave concordant re- 
sults that average 2,797 pounds per square inch, which is more 
than twice the average value given by the corresponding series 
of field-made test pieces, 

The fourteen results obtained from specimens made of concrete 
used in the construction of the United States Quartermaster Pier 
are partieularly noteworthy. This concrete is in a class by itself: 
it is exceptionally resistant, compact, and stonelike, and on rup- 
ture shows no cleavage planes along the surfaces where mortar 
and stone meet. The five cubes aged 1,042 to 1,052 days kept in 
air under the materials testing laboratory eaves gave an average 
compressive strength of 4,393 pounds per square inch. The other 
five specimens in this series, aged 1,041 to 1,051 days and stored 
in a steel cage totally submerged under the pier in Manila Bay 
for a period of 784 days, show marked decrease in average 
compressive strength; the compressive strength of salt-water 
Specimens averages 3,781 pounds per Square inch. Four other 
specimens, representing concrete from this Structure, were rup- 
tured; these were older, and had an age of 1,373 days. There 
is a well-defined difference between the compressive strength of 
the specimens submerged in Manila Bay for 784 days and those 
kept in air, the average being 2,357 and 4,565 pounds per square 
inch, respectively. The relatively low value of 1,941 pounds per 
square inch of one of the salt-water specimens is due to the use 
of soft Pasig sand and gravel, which possess neither the hardness 
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nor the favorable clean and rough bonding surface characteristic 
of freshly crushed Sisiman stone and screenings. In both of 
these series of tests, the weakening effect of salt-water immer- 
Sion is unmistakably evident. Seventy-seven cubes made of con- 
crete employed in the United States Army Quartermaster Pier 
are still submerged in Manila Bay, and eighty-eight specimens are 
being kept in air under the eaves of the materials testing labor- 
atory for long-time tests. Data on these test pieces will be pub- 
lished as soon as possible. 
Some other mixtures used in Manila and tested at the Bureau 
of Science are the 1:2.5:5, the 1:3:6, and the 1:1.5: 4.5. 
. The last proportion was used largely in constructing the Masonic 
Temple, and the results obtained from field-made test specimens 
are very poor. The compressive strength of test pieces made 
of 1:1.5 :4.5 concrete and aged 28 days averages as low as 
254 pounds per square inch and,never exceeds 673, the grand 
average being 446. With the material available much better 
results should have been obtained. Older test pieces in this 
Series show practically no gain in strength, the grand average 
obtained from specimens aged 36 to 49 days being only 483 
pounds per square inch. Both of the leaner mixtures 1 : 2.5 : 5 
and 1:3:6 gave better average results than did the 1:1.5:4.5 
mixtures. At ages ranging from 28 to 34 days the 1 : 2.5 : 5 
mixtures gave an average compressive strength of 729 pounds 
per square inch, which at 38 to 41 days is augmented to 1,005. 
The 1:3 :6 results average 739 pounds per square inch at 28 
to 36 days; this strength is practically the same as that given 
by the 1:2.5 : 5 specimens. One cannot help but be impressed 
here, as in other instances, with the sameness in the average 
compressive strength given by specimens made of concrete that 
is apparently differently proportioned. For all practical pur- 
poses there is no difference between the average strengths of 
the1:2.5:5 and 1: 3 : 6 concretes; and richer mixtures, made 
of the same aggregate and the same cement, which should 
show higher strengths, on the contrary, give abnormally lower 
values. These irregular results seem to point to a faulty method 
of measuring the cement, so that many of the mixtures tested 
are deficient in this material Practically all of the sand used 
in Manila for concrete work comes from the Pasig and Mari- 
quina River beds. Pasig River sand is fine and is composed of 
very soft grains of rock in advanced stages of decomposition. 
It contains little if any quartz and is often contaminated with 
considerable shell debris. It is a poor concrete aggregate and 
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should be used with caution. Mariquina River sand is much 
coarser than that from Pasig River and yields strong mortar 
of appreciably higher strengths than those given by standard 
Ottawa sand, as Table 2 shows. Sand from Mariquina River 
contains practically no quartz and has been derived from the 
weathering and erosion of andesitic and basaltic rocks. The 
grains are fairly soft, but excellent results have been obtained 
from laboratory-made concretes containing this sand, and if due 
care be exercised there is no reason why Mariquina sand should 
not give very good results in the field. 

Concrete tests, made in connection with the fortification of 
El Fraile and Carabao Islands at the mouth of Manila Bay, 
show that laboratory-made specimens are much stronger than 
those coming from Fort Mills, and those made of 1:2:4 
concrete at an age of 28 to 30 days have a mean compressive 
strength of 2,693 pounds per square inch. Older field specimens 
made of 1:2:4 conerete, and aged 28 to 38 days, have a mean 
compressive strength of 1,104 pounds per square inch. Still 
older cubes made in the field show less strength than this; those 


44 to 48 days old average only 907 pounds per square inch. A’ 


comparison of the compressive strengths of concrete specimens 
coming from Fort Mills with those of the provincial test pieces 
that gave the best, results shows the marked superiority of the 
latter. With the materials available, much better results should 
have been obtained from the field mixtures here recorded. 


MARINDUQUE 


With one exception, all results obtained from concrete speci- 
mens coming from Marinduque are very poor. Six cubes made 
on August 19, 1915, of 1 : 2 : 4 concrete used in constructing 
Tiguion Bridge, at Gasan, are the only specimens tested. The 
average value shown is 443 pounds per square inch; the min- 
imum, 181; and the maximum, 1,014—results that are certainly 
extraordinarily erratic. Examination of the spalls and frag- 
ments remaining after testing these cubes showed not only that 
a fine beach sand was used, but also that there was unmistakable 
deficiency of cement, so that in reality the conerete contained 
less cement than that required for a 1:2:4 mixture. Insuf- 


ficiency of cement is therefore the chief cause for this very low ` 


average value of 443 pounds per square inch, which is just 


about one-fourth of what a good 1 : 2 :4 concrete should test at 


28 days. Varying percentages of cement probably account for 
the freakish results, no two of which are alike, though nominally 
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obtained from 1:2 : 4 mixtures composed of the same kind of 
aggregates. More careful proportioning of cement and aggre- 
gates would undoubtedly have given more uniform results. 


MISAMIS 


Good results were obtained from 1:2:4 concrete specimens 
- coming from Misamis, the average being 1,534 pounds per square 
inch for specimens aged 28 to 34 days; the minimum value of 
922 pounds per square inch in this series is less than half of the 
maximum value, 2,039 pounds. The three 1 : 2.5 : 5 test pieces 
gave low results, which average 698 pounds per square inch. 
The compressive strength values show that care was taken in 
proportioning and that concrete materials of good quality are 
available in this province. One sample of sand from Cagayan 
River must be classed as excellent. It yielded an extraordinarily 
resistant 1 :3 mortar, unsurpassed in compressive strength by 
any other mortar recorded in this paper. The average ultimate 
compressive strength, at 28 days, of specimens made with the 
use of this sand is 5,508 pounds per square inch, which is nearly 
twice that of specimens made of Ottawa sand. The high strength 
of this mortar is primarily due to the very coarse and graded 
granulometric composition of the sand combined with hard- 
ness and cleanness of the grains. This sand is composed prin- 
cipally of rounded basaltic pebbles and contains very little 
quartz. 

NUEVA ECIJA 


Values obtained from concrete specimens coming from Nueva 
Ecija are poor, particularly those made of Binutuan River ag- 
gregate, which is soft, dirty, and fine-grained. The1:2:4 test 
pieces made of this aggregate gave the extraordinarily low result 
of 288 pounds per square inch, which is very close to the mean 
compressive strength of 246 pounds per square inch given by 
the 1 : 3 : 6 specimens at 28 days, so that it is not improbable . 
that the same mixture was used in casting all four of these speci- 
mens. The results were so bad that the district engineer was 
ordered to use a different aggregate. The 1:2:4 Specimens 
made of Guimba River sand and Baliuag River gravel gave 
higher compressive strengths; but these values also are unsatis- 
factory, and, moreover, they are markedly variant. The aver- 
age given by these four cubes is 614 pounds per square inch. 

` Preliminary laboratory tests of available Nueva Ecija sands 

would certainly have given valuable information, which would 
have resulted in the elimination of the unsuitable materials 
that were unfortunately used in actual construction. 


18,2 King: Philippine Concrete and its Aggregates 209 


OCCIDENTAL NEGROS 


Results obtained from concrete specimens coming from Occi- 
dental Negros and marked 1 : 2 : 4,1:2.5:5,and1:3:6are 
so much alike that one is almost forced to conclude that the 
entire series of test pieces was made from mixtures of more or 
less the same proportions. Specimens made of 1 :2 :4 concrete 
and aged 28 to 33 days gave an average compressive strength 
of 681 pounds per square inch; 1:2.5 :5 Specimens aged 30 
to 34 days average 601 pounds; and the 1 : 3 : 6 test pieces 


ranging in age from 27 to 42 days average 722 pounds per square 


inch. With one exception, increasing age brought about in- 
creasing compressive strength in the series of test pieces made 
of 1:2:4 concrete, those aged 38 to 42 days average 859 
pounds per square inch, those aged 48 to 55 days average 1,044, 
and those aged 64 to 67 days average 1,279. "The oldest Speci- 
mens in this series however, those 85 and 93 days old, respec- 
tively, show less strength, and give the mean value of 1,038 
pounds per square inch. Test pieces made of 1 : 2.5 : 5 con- 
crete aged 37 to 41 days average 554 pounds per square inch, 
whereas those aged 56 to 63 days average 836 pounds per square 
inch. Values obtained from the 1 : 2 : 4 specimens are low 
and indicate a very poor grade of conerete. Fair strengths were 
given by the other mixtures. Only one sand coming from 
Occidental Negros was tested, and the results obtained are 
very satisfactory, though from field data it seems that this 
sand was never used in actual construction. 


ORIENTAL NEGROS 


Results shown by field specimens from Oriental Negros are 
good, though most of them were obtained from cubes consid- 
erably older than those made in the laboratory, so that compari- 
son of the two is unsatisfactory. Laboratory-made concrete 
proportioned 1:2:4 at 28 days gives an average compressive 
strength of 2,253 pounds per square inch. Only two field-made 
test pieces made of 1:2 :4 were tested, and these at an age 
of 43 days average 1,964 pounds per square inch. The values 
given by the field specimens made of 1 : 3 : 6 concrete compare 
favorably with those obtained from, laboratory-made cubes. 
The latter at 28 days average 1,128 pounds per square inch, 


'and a single test piece of the former at 31 days gives 705 pounds. 


At ages ranging between 42 and 44 days, field specimens of 
1:3:6 concrete give a mean compressive strength of 1,202 
pounds per square inch. Only one sand from Oriental Negros 
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was tested in the laboratory and the average compressive 
strength at 28 days given by the 1 : 3 mortar Specimens is very 
good, being 91 per cent of that given by test pieces made of 
standard Ottawa sand mortar. 


PALAWAN 


No concrete test specimens have been received from Palawan 
Province, and only three laboratory-made specimens were tested; 
these were made of Coron beach sand and gravel Although 
the average compressive strength of the 1 :3 mortar cylinders 
made of Coron beach sand is less than half of that Shown by the 
1:3 Ottawa sand test pieces, the compressive strength (2,443 
pounds per square inch) of the 1:2 : 4 concrete made of the 
sand and gravel from Coron beach, used in connection with the 
construction of the Coron wharf, is very good. Inspection of 
the results in Table 2 obtained in testing Coron beach sands 
Shows that whereas the average compressive strength of the 
1:3 mortar specimens is 92 per cent of that given by the Ot- 
tawa sand test pieces, the tensile Strength of the 1:3 Coron 
sand briquettes is only 44 per cent of that given by Ottawa 
sand briquettes, the age in all cases being 28 days. These re- 
sults show that the time-honored tensile-strength test of Port- 
land cement mortars is not always a true guide as to what may be 
expected from the same mortar when subjected to compression. 


PAMPANGA 


Al! results recorded under Pampanga in Table 8 were obtained 
from specimens made at the Bureau of Science of aggregates 
proposed for buildings at Camp Stotsenberg. All of the mix- 
tures are 1:2:4 and give a mean compressive strength of 
1,925 pounds per square inch, which is a little better than fair. 
Table 2 shows that the sand coming from Camp Stotsenberg 
is fine, and 1 : 8 mortar made therefrom gives only 75 per cent 
of the tensile strength of the 1 : 8 mortar briquettes made from 
standard Army sand composed of crushed quartz. 


PANGASINAN : 


Very good results were obtained from concrete test specimens 
coming from Pangasinan. The values given by the 1:2:4 
mixtures are uniform and average 1,028 pounds per square inch; 
those of cubes made of 1 : 2.5 : 5 concrete are erratic and aver- 
age 1,238 pounds per square inch. The marked variability of 
strength in this series from a minimum of 730 to a maximum 
of 1,717 pounds per Square inch is probably due to difference 
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in aggregate, though the difference between 1,268 and 730 
pounds per square inch for specimens made from the same 
materials is more puzzling. As in other instances, the data 
here given lack certain value that they would have, had the 
district engineer included the source of the aggregate used in 
the concrete, 

RIZAL 


Compressive strength values given by concrete specimens 
from Rizal Province are variable: ‘this variability, however, is 
almost entirely due to the different aggregates used. Specimens 
made of 1:8: 6 concrete having ages between 28 and 31 days 
vary from 397 to 1,091 pounds per square inch, and average 
825. The low values were obtained from test pieces containing 
Pasig River sand, and the high ones from specimens containing 
Mariquina River sand. The same difference is noted in the 
compressive strength obtained from the 1:2:4 specimens, 
though here an appreciable difference in age may have exerted 
Some influence on the Strength; the concrete specimens con- 
taining the soft, fine-grained Pasig River sand average 558 
pounds per square inch at 28 days, and those containing the 
Mariquina River sand average 1,326 pounds, at 38 to 39 days. 
The use of Pasig River sand was abandoned in the last stages 
of the construction of Angono Bridge, because of the low re- 
sults shown by the concrete containing this sand, and Mariquina 
sand was substituted with better results. 


SAMAR 


Most of the test specimens coming from Samar Province were 
marked 1:2: 4, the rest being labeled 1:3 : 6 mixtures. By 
averaging the values given by the latter Specimens, a compres- 
Sive strength of 696 pounds per square inch is obtained; the 
age of these 1 : 8 : 6 test pieces varies from 28 to 34 days. Two 
low results, 496 and 388 pounds per square inch, characterize 
this series; the highest figure, 964 pounds, is good for this class 
of concrete. The specimens made of 1 :2 : 4 concrete and aged 
27 to 31 days gave extremely rambling results, varying from 
330 to 2,168 pounds per square inch; this series shows an aver- 
age compressive strength of 957 pounds per square inch. The 
striking irregularity in compressive strengths obtained from the 
1:2:4 specimens made October 30 and December 16, 1914, 
from concrete used in the construction of Arapison Bridge is 
very likely due to carelessness; a variation of from 330 to 1,655 
pounds per square inch could hardly be explained otherwise. 
It will be noted that most of the 1:2 :4 Specimens were con- 
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siderably older than 28 days at the time of the test. These 
irregularities in age, as in most of the other cases, were caused 
by delays in shipping the specimens to the testing laboratory 
in Manila. On acount of transportation difficulties it is not 
always possible to send specimens from unfavorably located 
districts promptly and have them in Manila in time for the 
28-day test. 

The 1:2:4 specimens aged 62 to 69 days average 1,298 
pounds per square inch, and those aged from 74 to 91 days, 
only 913. These results are poor and are less than the value 
that a good grade of 1:2:4 concrete should give at 28 days. 
Some of the poor results obtained from Samar concrete are 
undoubtedly due to the use of the very fine beach sands charac- 
teristic of that province. Of the three sands tested two gave 
very unfavorable results, as Table 2 shows, and they should not 
be used as concrete aggregates. The compressive strength. of 
the 1:3 mortar specimens in both of these instances is less 
than half that given by the corresponding Ottawa sand mortar 
test pieces. The third sand, which also came from the beach 
and which was tested November 24, 1914, although it gives 
excellent mortar strength values, shows a deficiency of fine 
grains and, therefore, makes a porous, permeable mortar that 
would allow the ingress of disintegrating substances. 


SORSOGON 


Although all of the specimens coming from Sorsogon were 
made of Salog River aggregate, and all, with the exception of 
those cast on November 9 and 15, 1915, were made of the same 
brand of cement, the compressive strengths show marked varia- 
tion, the highest value being more than twice that of the lowest. 
The maximum and minimum are 961 and 432 pounds per square 
inch, respectively, and the average for 1:2 :4 Specimens aged 
29 to 33 days is 668 pounds per square inch. The mean com- 
pressive strength is low and indicates a poor grade of concrete. 
Older specimens however show improvement in strength; the 
four test pieces aged 51 to 58 days average 974 pounds per 
square inch. i eer . 

SURIGAO . 

Test pieces coming from Surigao were all made from 1:2 :4 
concrete used in the construction of Bilang-bilang wharf. The 
results are all poor. Specimens aged 21 to 29 days are fairly 
uniform in strength and average 602 pounds per square inch. 
The results given by the oldest, aged 35 to 37 days, are anomal- 
ous in that the older specimens are weaker than the younger 
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ones. Unquestionably, poor sand accounts largely for the un- 
satisfactory concrete strengths. Table 2 shows that the two 
Surigao sands tested are fine-grained, particularly the one 
coming from Surigao River. Specimens made of 1:3 Suri- 
gao River sand at 28 days give a compressive strength that is 
46 per cent of that given by the corresponding Ottawa sand 
mortar test pieces. Sand from the wharf site gives a better 
value--74 per cent of that of the standard specimens. The. 
latter sand was apparently used on the job, but the results are 
only one-third of what a good concrete should give. 


TARLAC 


.Comparison of results obtained from concrete made in Tarlac 
is not very satisfactory on account of the appreciable diffgrences 
in age of the test specimens. Some results are excellent, 
whereas others are only fair, and still others are incongruous. 
The great disagreement that exists between the average com- 
pressive strengths of 1:2 : 4 specimens made of concrete used 
in the piles of San Antonio Bridge is puzzling and is very likely 
due to carelessness in the manipulation of materials. Spec- 
imens cast May 8, 1913, and aged 25 days give the excellent. 
average of 2,462 pounds per square inch, whereas another series 
of six specimens (date of manufacture not given) averages 
only 1,045 pounds per square inch at 31 days. It is likely that 
the proportioning of materials varied in these two cases and 
that a difference in cement content probably accounts for the 
difference in strength. Tarlac Province has an excellent build- 
ing.sand, which is commonly called Tarlac sand, and which on 
account of its light color makes it a suitable material for or- 
namental concrete. As Table 2 shows, the average compres- 
sive strength of 1:3 mortar specimens at 28 days is 1.6 times 
that given by the test pieces made of Ottawa sand. Tarlac 
sand is coarse and well graded, and contains very little quartz, 
the principal constituent being a clear, glassy, plagioclase feld- 
spar. The Tarlac sand deposit is located along the Manila- 
Dagupan Railroad, and the sand has been tranpsorted by rail to 
Manila in fairly large quantities, for use in special work con- 
ducted by the Bureau of Science and the Bureau of Public 
Works. 

TAYABAS 

In general, tests of concrete made in Tayabas give unsatis- 
factory results. The compressive strength of the only 1:2:4 
specimen is low and practically the same as that of the single 
1 :2.5 : 5 test piece coming from the same job. No information 


214 The Philippine Journal of Science 1921 


is available with respect to the proportions used in the 58-day 
specimens made of concrete employed in the construction of the 
Atimonan Trade School. These particular test pieces give an 
extraordinary variation in compressive strength; the minimum 
and maximum values are 329 and 1,530 pounds, respectively. 
Concrete from Dumaca Bridge proportioned 1 : 3 : 6 gives fair 
values which average 573 pounds per square inch for specimens 
.aged 28 or 29 days. Only one Tayabas sand was tested. It came 
from pit No. 1, Sariaya-Muntig River, and as Table 2 shows 
1: 8 mortar made therefrom gives excellent tensile and com- 
pressive strengths, which are appreciably higher than the cor- 
responding ones obtained from Ottawa sand mortar test 
Specimens. 
. ZAMBALES 

Compressive strengths of concretes coming from Zambales 
Province are characterized by low, erratic averages. The spe- 
eimens made of 1 : 2 : 4 concrete aged 28 days and used in the 
construction of Yamot Bridge give Strengths that vary from 
390 to 1,067 pounds per square inch. Test Specimens made from 
1:2 : 4 concrete employed in Candelaria Bridge give slightly 
better results than the 28-day cylinders averaging 822 pounds 
per square inch, and the 40 to 43-day cylinders averaging 1,101. 
The sands available for concrete construction in Zambales are 
very good as a whole, and some are excellent. All of them 
are clean and composed of hard grains, but the granulometric 
analysis in most cases shows a preponderance of fine grains. 
Nevertheless, the compressive strength of some of the 1 : 3 
mortar specimens exceeds that shown by the corresponding 
Ottawa sand mortar cylinders, Test specimens made of sand 
from Lauis River give an average compressive strength at 28 
days of 3,120 pounds per square inch, which is about 1.2 times 
that shown by Ottawa sand mortar test pieces. This sand ap- 
parently was used in the construction of Yamot Bridge, but 
the field tests of concrete containing it are far from satis- 
factory. Taking into consideration the good qualities possessed 
by Zambales sands in general, high-testing concrete ought to be 
the rule. 

ZAMBOANGA 


All of the test specimens coming from Zamboanga were made 
of the 1 : 2 : 4 concrete used in the construction of the Zamboanga 
Waterworks. The compressive strengths are fair. They are 
also uniform, which indicates a uniform method of measuring 
the cement and aggregates. The minimum and maximum re- 
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sults are 760 and 927 pounds per square inch, respectively, and 
the mean of the entire series is 831 pounds per square inch. 
These specimens range in age from 33 to 36 days. -Two Zam- 
boanga sands were tested at the Bureau of Science. Both are 
coarse, but they show Strikingly different mortar-strength values. 


` The beach sand composed of fairly hard grains yields a 1:3 


mortar which at 28 days gives an ultimate compressive strength 
that is 90 per cent of that shown by the Ottawa sand test spec- 
imens. The river sand, containing soft grains in an advanced 
state of decomposition, gives a 1 : 3 mortar that is weak and at 


: 28 days is only 46 per cent as strong as Ottawa sand mortar. 


GENERAL DISCUSSION 


Attention has already been called to the extraordinary vari- 
ation in ultimate compressive strength of field conerete specimens 
made of the same materials, nominally proportioned alike, and 
differing only in being mixed and cast on different dates, Differ- 
ences amounting to several hundred per cent characterize the 
results obtained from specimens from nearly all the provinces. 
With uniform materials, carefully proportioned and thoroughly 
mixed, such variation would be much reduced. Exceedingly 
crude methods of proportioning probably account for the extreme 
variations noted. ; 

Considerable variation also exists in the compressive strengths 
obtained from specimens made from a single batch of concrete, 
as well as from specimens made of the,same materials, propor- 
tioned alike, and made from various batches of concrete mixed 
on the same day. It will be noticed that most of the ultimate 
compressive strength values appearing in Table 8 are averages of 
two or more results obtained by rupturing two or more test 
specimens. It is the difference between results that have been 
so averaged that is being discussed at present. One would 
expect more or less close agreement of results obtained from 
specimens made from the same batch of concrete. However, the 
variation from the mean compressive strength in a given series 
in the field specimens is sometimes abnormally high, and in one 
ease actually amounts to 135 per cent. Such extreme variation 
from a mean value in a series indicates either improper mixing 
or careless proportioning of materials: slovenly procedure dur- 
ing the molding of the test piece may also be a contributing 
cause. Any one, or two, or all three of these factors could cause 
erratic results. In Table 9 are recorded the maximum and 
minimum compressive strength values of concrete specimens in 


TABLE 9.--Marimum and minimum unit compressive-strength values of concrete specimens in typical series of tests. 


FIELD-MADE SPECIMENS. 


Test specimens 


Source of aggregate. preserved in— 
ku ed Structure in whieh concrete Concrete spe- 
No. was used. cimens cast. d 

Sand. Gravel. . 
M H 
3], | 
r i E i 
a | 3 | 
| 
1 | Bridge 8.1, Guinobatan-Jovellar | Apr. 15, 1915 
Road, Albay. i 
2 | Burgol Bridge, Antique. Jan. 21, 1916 | Beach near Bu- 
. skol River. 
3 | Obispo Bridge, Batangas. June 13, 1910 |.... 
4 | Abatan Bridge, Bohol... -į Feb. 16, 1910 !.. 
5 | Malolos Market, Bulacan, footings | Aug. 1, 1915 ! Pulilan River..... "Pulilan River.. 
6 | Cafiacao Bridge, Cavite, retaining | Mar. 2, 1916 | Mariquina River..| Mariquina Rive 
walls. | 
1 Do-ssees eurer emus-cresrre eed Mar. 8, 1916 
8; Naga River Bridge, Cebu .. Nov. 16, 1909 
9 | Magallanes Bridge, Cebu.... -| Nov. 5,1911 
10 | Bridge piles, Ilocos Sur.... --| Oct. 12, 1912 ; 
1t | San Juan Bridge, Laguna ! Dec. 10, 1916 PAGE AN a |ui 
12 | Ormoc Market, Leyte.... | Sept. 13, 1915 | Beach, fine. ' Ormoc River... 1 wi 
13 | Masonic Temple, Manila . "i July 1915 | Pasig River .. | 
14 --| Aug. 4, 1915 1 19 


36 


E 5 | Compressive strength of 
B E concrete, in pounds per 
5 5 aquare inch, ultimate 
Ei Ko! stress. ” 
a : 
e F] u f a gia 
5 E,|5 j5 $ lss 
3 sls | plat 
Ej 28 3 3 a a oS 
E | Bh? |? | 5 [Pgs 
9 Bn | 7 o oa 
Sa | Sje lg] à [882 
22| Egl 28) es © [iei 
FEN RS EZ | Be E 1352 
Fa i ea E 8| 3 3 i i Bt 
Cy I 
c {a 
i i P, ct. 
bg | naa 778 | 1,125| 894| 26 
L 
i 
èe | 12 | 1,033 | 1,454 | 1,238 | 17 
P34 13:6] 977] 1,259} 1,097 | 15 
b3! 124) 566: 734| 66s! 15 
b6 | 1:0] 440; 692| 594) 26 
"351340 400| 815| 6o) 4 
03 | 1:2:4| 870|1,708|1,161| 47 
rel rz4| sa| vs] sea} 46 
^12: 1:2:4 | 2,191 , 3,205 | 2,659 |. 21 | 
og | 124 | 1,078 ' 1,20 | i24 |. 22 | 
tg | ralui aalis] 4| 
bg | 1:2:4 | 794! 1,639] 1,057} 55 i 
48 2:15 | 305! 617] 484| a7 | 
43:1113r 1142: 1.2981 1,199! 8 
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1261 
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15 | Binondo Estero wall, Manila ...... j Sept. 28,1917 1... LL. gv i 31 “4: 124 976 | 1, 433 ; 1,292 21 | 
16 | Jones Bridge, caissons, Manila... Sept. 3, 1917 | Mariquina River -! Mariquina River. 28 26 11:38:71 275 552; 388 44 | 
.17 | Tiguion Bridge 16.1, Gasan, Ma- | Aug. 9, 1915 Tiguion River Sasal Beach........... 28 56] 1:2:4 i a25 | 300 181| 66 | 
rinduqve, i H 
18 Sept. 26, 1915 IN do 31 68: 1:2:4 ; 109 308 | 251 62 
19 | Calmay Bridge, Pangasinan | Feb. 8, 1910 | 27) ba! 12:4] 1,479 1 1,868! 1510) 34 | 
20 | Bridge 9.6, Calbayog North and | Mar. 5, 1916 90 t3 | 12:4 389 | 805 603 | 3T H 
South Roads, Samar. I : $ | | 
21 | Divisoria Bridge, piles, Tarlac....| July 18, 1913 50 bg : 155: 21 i 
22 | San Antonio Bridge, piles, Tarlac.| May 8, 1913 |. 25 b5 12, 462' 10 | 
23 | Divisoria Bridge 1918 | 81 6 1,646) 195 | 
i 
LABORATORY-MADE SPECIMENS. A 
n i 7 
24 | Proposed for Santa Maria Bridge, | Nov. 23, 1917 | Santa Maria Ri- | Santa Maria Ri- 28 US ME 23 e3 1:2:4 | 1,222 | 1,460 | 1,828 10 , 
Bulacan. ver. ver. ! 1 
25 | Experimental mixture made in Sept. 2, 1912 | Mananga River... Mananga River... La nega ata 21| 28 b3 | 1:2:4 | 2,484 | 2,600 2,546 si 
Bureau of Science of aggre- ! ' d i ! ! 
gates from Cebu, submitted by : i ! : h i 
Bureau of Navigation, 2 I ! ] i I | I 
26 | Experimental mixture made at | Oct. 1915 Laoag River ......: iioc oW | tg e5 j| 1:2:4 | 1,734 | 2,282 | 1, 906 | 20 
the Bureau of Science of aggre- i H 
gates used in piles of Spillway, Í | H i | 
Gilbert Bridge, Ilocos Norte, | i i i i | 
27 | Pagsanjan water tank, Laguna... Dec. 8, 1918 Pagsanjan River .! Pagsanjan River . 28 b3 | L2: 12,120 | 2,290 | 2, 197 NE 
28 | Barugo School, Leyte -..__.__ -| Sept. 22, 1915 | Beach... Balaguhay River: 28 e3 i 1:2:5 | 1,834 1 2.156 ! 1. 989 i 8 
a Mean maximum variation for field-made specimens, 34 per cent; for laboratory-made specimens, 9 per cent, 
b Test specimens are 6-inch cubes. 
* Test specimens are cylinders 8 inches in diameter and 16 inches high. 
“Test specimens are cylinders 6 inches in diameter and 6 inches high. 
* Test specimens are cylinders 3.568 inches in diameter and 7.136 incheg high. 
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typical series of tests, together with the maximum variation 
from the mean compressive strength. It is apparent that the 
grand mean value of 34 per cent obtained by averaging the 
individual maximum variations from the mean compressive 
strength of the field-made specimens is excessively high and 
could have been reduced considerably by more accurate and care- 
ful field work. 

The maximum variation from the mean compressive strength 
of laboratory-made specimens is between 3 and 20 per cent and 
the grand mean variation is only 9 per cent, which is about one- 
fourth of that shown by the average results obtained from field- 
made specimens. By making smaller batches and giving greater 
attention to detail, the results from test specimens made in the 
laboratory will usually be more concordant. However, with due 
care, equally uniform results can be obtained from specimens 
made in the field. zn . 

Insufficient mixing that yields a nonuniform concrete; varia- 
tion in the percentage of water; inaccuracies in proportioning 
cement, sand, and gravel; mistakes in marking test specimens: 
variation in storage conditions of the concrete test pieces- are all 
contributing factors to the erratic results already noted. ‘How- 
ever, there is still another factor which considerably affects the 
Strength of concrete test specimens; namely, the manner in 
which the concrete is placed in the mold. It is certain that not 
a little of the variation in results is due to the different methods 
of molding the specimens comprised in a single series. Some 
of the specimens were made without tamping or spading and, 
of course, were honeycombed with air blebs. Others were tamped 
and consequently showed a compact texture. A uniform method 
of molding is conducive to uniform ultimate compressive strength 
but naturally cannot overcome the other disturbing factors which 
are the chief cause of irregular results. The more uniform 
the materials, the more carefully they are mixed; and the more 
uniformly and carefully the concrete is placed in the mold, the 
more uniform will be the ultimate compressive strengths given 
by the test specimens. 


SUMMARY AND CONCLUSIONS 


Ultimate compressive strength tests have been conducted on 
1,677 concrete specimens more or less representative of concrete 
made in the Philippines during the decade from 1908 to 1918. 

Laboratory-made concrete specimens proportioned 1 : 2 : 4 and 
aged 28 to 31 days give an average ultimate compressive strength 
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of 2,245 pounds per square inch, and field-made concrete test 
pieces marked 1 : 2 : 4 and aged 25 to 42 days give an average 
ultimate compressive strength of only 980 pounds per square 
inch. The lowest compressive strength, 177 pounds per square 
inch, given by 1:2 :4 concrete was obtained from three speci- - 
mens coming from Leyte. 

Field specimens made of 1 : 2.5 : 5 concrete and aged 26 to 36 
days average 944 pounds per square inch which, for all prac- 
tical purposes, is the same as the mean compressive strength of 
conerete which is supposedly much richer. No 1:2.5:5 con- 
crete mixture was made in the laboratory.. 

Test pieces made in the field of 1 : 3 : 6 concrete and aged 27 
to 42 days give a mean ultimate compressive strength of 705 
pounds per square inch, which compares favorably with the 
average results of 1,104 pounds per square inch given by the 
laboratory-made 1 : 8 : 6 concrete test pieces. The lowest com- 
pressive strength of 1:3 : 6 concrete recorded is 97 pounds per 
square inch and is given by a specimen coming from Capiz. 

The differences between the average ultimate compressive 
strength of the 1:2:4, 1:2.5:5, and the 1:3 :6 series of 
test specimens, respectively, are very slight and there are good 
reasons for suspecting that the procedure in proportioning the 


. component cement, sand, and gravel was in the majority of the 


cases grossly inaccurate. 

Aging beyond 28 days in most instances exercised an incon- 
siderable influence on the strength of the concrete specimens 
tested. Little if any increase in compressive strength accom- 
panies increase in age of the greater part of the older concrete 
test pieces. In several cases an average decrease in compres- 
sive strength is characteristic of old test specimens. 

Most of the low average ultimate compressive strengths may 
be traced to the use of fine sands, some may be attributed to 
faulty proportioning of cement, and in à few cases incomplete 
mixing of the batch accounts for low and erratic results. Care- 
less molding of the test specimens in a few instances has been 
the cause of poor strength. "Too much water and faulty storage 
of concrete undoubtedly have contributed not a little to the poor 
quality generally characteristic of field-made concrete in the 
Philippines, but in the absence of reliable data, it is impossible 
to estimate the influence exercised by these two factors. 

Sands unsuitable for concrete work have been used throughout 
the Philippines and without subjecting them to a preliminary 
laboratory test. It was only after considerable actual con- 
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struction had taken place and samples of concrete had been tested, 
that the poorness of the sands was recognized. Usually a change 
in aggregate was then made. Such a procedure is to be deplored, 
and it often entails loss of time and money. A thorough lab- 
` oratory examination of concrete aggregates is always a help- 
ful guide to the engineer in selecting his material, and it is 
hoped that copious reliable data on Philippine concrete agere- 
gates may be collected in the future. 

Compressive strength results obtained from series of field 
specimens made from the same materials on the same day, and 
from the same batch of concrete, and averaged to give the values 
recorded in Table 8,. generally show considerable variation. 
Laboratory-made specimens composed of the same materials, and 
molded from the same batch of concrete, are in much better 
agreement, and show only one-fourth of the average maximum 
variation from the mean that field-made specimens show. 


